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Original Communications 


Society of University Surgeons 


THE INTERN AND ASSISTANT RESIDENT IN THE SURGICAL 
TRAINING PROGRAM 


Ear.Le B. Manoney, M.D.,* Rocuester, N. Y. 


T ITS very beginning, the purpose of the Society of University Surgeons was 
to foster medical education in surgery and we have dedicated ourselves to 
the ‘‘resident’’ type of training. A number of my predecessors have discussed 
very thoroughly the fundamentals of a good residency system, and I am quite 
sure that each of us is indoctrinated thoroughly in this regard. Three years 
ago, in Baltimore, we had the honor of participating in the celebration of the 
one hundredth anniversary of Dr. Halsted, the true father of the surgical 
resident, and we heard from Dr. Halsted’s own disciples the master’s original 
concepts. I am sure that you all shared with me a feeling of rededication and 
an overwhelming desire to preserve and improve this method of training. The 
following year, in St. Louis, Gene Bricker told us of many of the problems 
confronting us today and, in particular, the problem of the diminishing numbers 
of ward or service patients as the numbers of insurance programs increased. 
Surely, the relation of prepaid insurance programs to surgical training repre- 
sents one of the great paradoxes in medical education. Insurance is necessary 
for the hospital to survive on its present basis, but the very hand of survival 
is choking off the training of men who must maintain the future standards of 
the hospital. 

It is not my purpose to discuss this vexing problem as regards the resident, 
but I would like to consider the time spent in training, after graduation from 
medical school, until the chief residency is attained. This period includes the 
internship and the assistant residency program ; it usually includes some training 
in surgical pathology and various surgical specialties, perhaps a year in the 
experimental laboratory, and, all too frequently, a variable period of time spent 
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waiting for the residency. This early part of the young surgeon’s training is 
often a very orderly progression of increasing responsibility in many university 
hospitals and in independent or so-called nonteaching hospitals. (This last term 
should be abandoned, as we all have seen hospitals affiliated with a medical 
school in which the adjective ‘‘teaching’’ should not be used, and nonaffiliated 
hospitals whose teaching is excellent and where students are clamoring for an 
internship.) Unfortunately, this orderly progression is not always present, 
and a tremendous hiatus may exist between the academic atmosphere of medical 
school and the responsible period as chief resident. 

The internship as it is today deserves serious consideration. The intern 
originally held a very responsible position in the management of hospital pa- 
tients, but today he may be squeezed between the medical student, acting as 
elinieal clerk or extern, and the junior assistant residents. Undoubtedly, he has 
a definite place in graduate surgical training, but this position should be very 
carefully defined and integrated with the entire program. The history of the 
development of the internship points up the great changes which have developed 
gradually in this phase of education. 

Medical education in America began to emerge shortly before the Revolu- 
tionary War. Prior to this time, it had been primarily preceptorial and the 
value of hospital affiliation was first recognized in the United States between the 
University of Pennsylvania and the Pennsylvania Hospital in 1765. From the 
outset, the purpose of the internship has been twofold: education and service. 
The hospitals recognized the service value of the intern, who, for his part, was 
willing to give the service in return for the educational opportunity. One may 
infer from reading early accounts of this relation that the hospitals were not 
primarily motivated by altruistic reasons and they very quickly recognized the 
great value of the house officer to them. The necessity and advisability of provid- 
ing an educational program gradually emerged and today those concerned with 
the intern-matching program are keenly aware of this balance or lack of balance 
between edueation and service. 

The tremendous opportunities which this marriage between hospital and 
embryo physician afforded were apparent very quickly and the titles ‘‘ House 
Surgeon’’ and ‘‘House Physician’’ appeared in the roster of the New York 
Hospital soon after its inception in 1791 and at Bellevue in 1806. This system 
was patterned after European methods, and particularly after the custom at the 
University of Edinburgh, where many physicians of our eastern seaboard had 
trained under the leading clinicians of their fatherland. The medical schools 
of that era provided no opportunity for clinical experience, and the house 
officership was, from its very beginning, an eagerly sought privilege. The house 
surgeon came first and soon was followed by the house physician who was 
originally ealled ‘‘The Apotheeary.’’ He was a combination druggist, house 
physician, and librarian. He attended ward rounds and helped with deliveries, 
but also kept track of medicines and their costs, wrote obstetrical records, and 
eared for the library. At one period he was required to give a surety of $250 
per year to make good losses of books due to his negligence. (Many a school 
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librarian probably wishes this custom could still be in effect.) By 1870 the 
house officership was well established, and the description of it by Dr. D. B. 
St. John Roosa' was so vivid that I believe it might be interesting for you to hear 
it quoted: 


The doctors, we mean the house-doctors, were not unhappy; nine of them, 
solemn young men, so young in appearance that we remember that many an indig- 
nant patient on seeing his medical attendant would vow that ‘‘none of them ’ere 
assistants should ever practice on him.’’ 


It should be known that what are called the attending physicians or surgeons 
are eminent practitioners in the busy city about, who visit the Hospital daily, 
give the clinical lectures, perform the great operations, and direct the treatment 
of the serious cases. The ‘‘ young doctors,’’ as the patients call them, who are the 
resident staff, are divided into three grades, those of each grade serving a term 
of eight months. All of these young men, however, are graduates in medicine, 
having spent three years in its study before being admitted, and then only after 
a successful competitive examination. In the first eight months the ‘‘ junior 
walker,’’ as he is called, has no responsibility, but he receives his orders from the 
house-surgeon or physician, according as he is on the medical or ‘‘surgica! side.’’ 
He dresses wounds, bandages limbs, cups, copies cases into a notebook, lunches 
every day at the expense of the Hospital, but goes home at night. 

The senior walker dresses fractures, writes the history of cases as he takes 
it from the patient’s lips, which the junior copies, while the house-surgeon, the only 
one of the three who lives in the Hospital, has the general supervision of all the 
patients, subject, as before indicated, to the direction of the attending physician 
or ‘‘head doctor.’’ He often, however, has to act in cases of emergency requiring 
considerable experience and skill, which he has acquired in the previous sixteen 


months of pupilage. It will thus be seen that every precaution was taken by the 
by-laws of the Hospital to secure careful and skillful attention of the sick. There 
were three sets of these doctors—two on the surgical and one on the medical side— 
to eare for about three hundred and seventy-five sick. 


Let us now go through with a day as passed by a house-physician or house- 
surgeon of the New York Hospital. We may suppose that the young gentleman 
has breakfasted in the pleasant dining-room, from whence he has gone into the 
office, whose windows look out upon Broadway, where the clerk, a rare gentleman 
of the old school, has regaled him both with the odor of a fragrant Havana and 
with some very well told stories of the ancient regime, when New York was so 
small that all the good fellows knew each other; and that he has looked out and 
seen his two assistants coming up the walk from their up-town boarding-house or 
home. He then buckles on his armor, or, in plain English, seizes his case of in- 
struments, and with the senior and junior walker at his side, he starts on his 
rounds. The Emperor of Russia, the Viceroy of Egypt, or our late President, 
Andrew Johnson, never felt more acutely the weight ef supreme power than did 
the house-surgeon or physician of the New York Hospital as he was about to pass 
into a realm over which he was the un¢isputed master. 

How the doors fly open! Obedient nurses greet him, towel in hand, and he 
passes from bed to bed, ‘‘ Well, John, how do you feel tuis morning? Nurse, 
what sort of a night did the man pass? What did he eat for breakfast?’’ and at 
the same time feeling his pulse, putting his hands on his face to note the tempera- 
ture of the body, while the senior walker is making rapid notes; these are the ques- 
tions and this is the manner in which our young doctor attends his patients. No 
nonsense, no fuss, no haste, but calm, sympathetic questions and gentle manipula- 
tions. 
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The internship followed about this same pattern for a number of years and 
gradually became modified into the pattern generally in vogue in New York City 
and Boston and elsewhere until definite residency programs were formed. At the 
time of World War I, a surgical internship was usually for eighteen to twenty- 
four months. The most junior of the group spent the first three or four months 
doing the laboratory and purely technical work (now commonly called ‘‘scut 
work’’), without having any real patient-care responsibility. He then graduated 
to being in charge of a ward, and during the last four to six months became the 
Senior Intern, a position of considerable responsibility. During this period he 
was in charge of the ward service and performed many operations with or 
without immediate supervision, depending on his ability and the magnitude of 
the procedure. The senior intern was considered able to do ‘‘average’’ surgery 
competently at the end of his training, and if he wished to further his training 
he had to do so as a ‘‘junior attending’’ at the expense of interns below him. 
The advent of a ‘‘Resident Surgeon’’ in this type of program must have seemed 
nothing less than catastrophic to the ‘‘junior attendings’’ who were complacently 
contemplating a great deal of ward surgery, in order to keep their hand in while 
building up their private practice. Dr. John J. Morton, Jr., and the late Dr. 
Elliot Cutler were residents at the Massachusetts General Hospital in 1916. 
Their arrival was a rude intrusion on the surgical service with no one having 
any definite thoughts on what the term ‘‘resident’’ meant, what he should do, or 
what responsibilities he should have. At first they were like an extra cog in the 
wheel, but in true Boston fashion, they soon were performing major surgery 
under the kindly eye of the attending staff. The decision as to whether this 
was due to the perspicacity of Drs. Cutler and Morton or to the farsightedness 
of the attending staff I will leave to your own good judgment. 

The transition from a two-year surgical internship plus a residency to a 
five or more years’ graduated program of resideney training must have been an 
overwhelming transition for many medical schools and hospitals. The problem 
was relatively simple at The Johns Hopkins Hospital where a whole new era 
was beginning and where Dr. Halsted had his farsightedness to guide him, 
with no established customs to hinder progress. In Cincinnati, the transition 
was accomplished by a new regime when Drs. George Heuer and Mont Reid 
reorganized the school and its surgical training program according to our 
modern concepts of resideney training. I would be remiss not to mention here 
the vast influence of George Heuer, who, in addition to establishing the program 
at Cincinnati, reorganized the program at New York Hospital and who, in so 
doing, influenced surgical training in New York City far beyond the confines 
of his own surgical service. The transition for many other schools was slow 
and at times very painful. The inception of a residency program was under- 
taken somewhat blindly, first by establishing the positions of assistant resident 
and resident to conform with accepted terminology, and later attempting to 
integrate the program according to local customs and as they were stimulated 
by the necessity of meeting Board requirements. I have the greatest admiration 
for many outstanding hospitals which accomplished this revolution as an honest 
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attempt to meet the changing order of surgical affairs, but we must agree that 
there are some which still feel they are doing their duty by reclassifying the 
house officer, nomenclature. 

My original intention was to discuss some of the problems of the intern and 
the assistant resident. Thus far, I have attempted to outline the problem which 
involved extending a three-year program—internship and resideney—into a 
five-year, integrated residency system. The second year of the internship must 
now be stretched into three years of increasing responsibility before the position 
of chief resident is reached. The intern must find his rightful place between the 
clinical clerk and the assistant resident, and the service must be organized to 
give the resident advanced responsibility in his last year. This period of change 
in surgical training was greatest between 1918 and World War II, a time when 
the scientific advances in medicine were occurring rapidly, so it would have 
seemed that the increased years in training could be used to great advantage. 
The seope of any four-year medical school curriculum is necessarily limited and 
the postgraduate period must be integrated in such a way that basie precepts 
are involved, as well as specific training. Our problem is to conceive a residency 
program which will effectively extend the students’ understanding of radiation 
biology, of biochemistry, and of physiology, while correlating these with the 
pathogenesis and treatment of diseased conditions. This is not incompatible 
with the practical aspects of surgical therapy, for who today honestly would 
perform eardiae or pulmonary or gastrie surgery without a thorough under- 
standing of the pathologic physiology involved. Allusion has been made in 
former years to the milliosmol boys and the isotope scientists but their investiga- 
tions of yesterday are the everyday armamentarium of today’s University 
surgeon and their new precepts must be integrated from year to year in our 
teaching programs. 

The relationship of the student clinical clerk to the intern deserves careful 
analysis. In many schools the third- and fourth-year students are now assigned’ 
to the wards and their teaching program is primarily one of bedside teaching. 
The students are assigned patients as they are admitted and they are responsible 
for the case history, physical examination, and the laboratory procedures which 
are an essential feature of diagnosis. The student should have an opportunity to 
follow his patient throughout his hospital stay and, ideally, to observe him during 
the follow-up period in the outpatient department. The student should be 
closely associated with the course of the patient’s illness and, above all, have 
the opportunity to discuss all aspects of the case with an experienced clinician, 
who enjoys teaching and who will think in terms of pathologie physiology rather 
than signs, symptoms, and therapy. At the student level, therapy should be 
completely incidental, but he should have an opportunity to make rounds and 
discuss the situation with specialists who are called in consultation. This pro- 
gram on cursory glance is essentially what one would wish for in a good intern- 
ship and it is common to the field of medicine or surgery or pediatrics. How, 
then, do we justify the intern? 
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The intern is a more mature individual who must now assume some of the 
service responsibilities, but the educational part of the program must be as 
readily available to him as it is to the student, and it must be on a more mature 
plane. He also continues to work up patients, as in his student days, but he 
is now beginning to focus the over-all evaluation of the patient into a plan of 
management and therapeutics. He has learned previously the general back- 
ground of preoperative and postoperative care, but he must now utilize theo- 
retical information to tailor a plan of therapy for an individual program; in 
other words, he is beginning to develop his clinical judgment. The intern 
should not be a specialist and there are inherent dangers in programs which 
tend to make the intern a specialist too early. We are all aware of the over- 
specialization which has occurred in many fields during recent years; each 
special group focuses on a small segment of the human anatomy and essentially 
dissects that area from the remainder of the patient. Two years ago a prominent 
orthopedic surgeon commented before a large surgical meeting that it would be 
a great day when his group learned to operate on the patient rather than on 
the hip joint. The surgeons of today must be primarily physicians, completely 
akin to their brother internists, with one exception only, that they have added 
the operating room to their therapeutic armamentarium. The internship and 
residency program must offer an opportunity to the young surgeon to develop 
a broad basie background in the diagnosis and management of disease, regardless 
of whether it is a medical or surgical problem. The surgeon who performs a 
splenectomy because it is referred by a physician is a technician; the surgeon 
who ean properly evaluate the diagnosis of congenital spherocytosis and performs 
a splenectomy is a physician as well. 

The operating room forms a valuable part of the intern educational program 
but the emphasis should not be focused on the technical aspects. Attendance at 
the actual operative procedure provides an opportunity to observe the pathologic 
anatomy which has upset the patient’s physiology and thus provides an essential 
link in the chain of education. The operating room should be considered a 
classroom, and no surgeon ean be considered a teacher who is unwilling to take 
the time to demonstrate his findings and correlate them with the patient’s clinical 
course. The intern should have the opportunity to examine the surgical speci- 
mens with a competent pathologist and to study the microscopic sections. This 
may seem an unnecessary admonition, but too many times I have seen the 
intern seated on a stool, holding retractors, in such a manner that his only view 
of the operative area was in the reflection from lenses of the overhead light. 
This technique may be necessary for adequate exposure, but he should be 
allowed ‘‘just a peek’’ now and then. An intern becomes merely a technician 
if he does not have the opportunity to take an active part in the operative therapy 
and yet is expected to carry on the technical postoperative care. I have never 
been able to see the educational value of the many plaster spicas which I bivalved 
during my internship, having had no more than a secondhand description of 
the operative procedure which had been performed on the hip. 
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I would like to make it clear, however, that I do not feel that the entire 
service should be made to revolve entirely about the intern. This is a year when 
the embryo surgeon must learn the true meaning of patient responsibility and 
of the teamwork of the service. It offers an opportunity to observe the patient 
through the entire course of his therapy, both its physical and psychologic 
aspects. It seems to me that there has been a tendency in some areas to lighten 
his load, perhaps as a veiled inducement, particularly by those hospitals which 
have difficulty in filling their quotas. Nothing could be more demoralizing to a. 
good service. This is the year when he must learn to make his rounds early 
and still be on time in the operating room. He learns that there is no quitting 
time when caring for his patients and that the working day does not end at five 
o’clock. There is no finer discipline than a good internship. It is not a period 
of purgatory; it is a period of great privilege in medical education, when one 
should extend himself to the utmost to realize its tremendous opportunities. It 
is a period of hard work which will be freely given, provided the educational 
value is commensurate. 

The emphasis in training of the intern and the assistant resident should be 
directed toward the patient as a whole, and not toward specific body systems or 
fields of specialization. He should learn to evaluate the general condition of a 
patient in terms of his physiologic status, and not just in terms of the pathology 
which he expects to find in the gall bladder beneath a tender right upper quad- 
rant. Many patients on a surgical service today present problems in cardiac, 
pulmonary, hematologic, and other types of diagnosis, which eall for the ecom- 
bined efforts of the medical and surgical staff. The surgical house officer has 
a marvelous opportunity to work with the medical resident, to think in terms of 
general physiology, and to learn general medicine. The assignment of the 
assistant resident to specialty services represents a time-honored graduation from 
the internship, but this should oceur in his third or fourth year of training after 
he has become well grounded in basie medicine. <All too frequently, the assistant 
resident becomes a specialist, he examines the inguinal area for a hernia, or does 
the technical features of a bronchogram. There is so much more to be learned 
about general medicine and surgery that a second year could well be given over 
to the same type of emphasis as in the internship. The responsibility of the 
assistant resident must be increased, in that he is the one immediately responsible 
for a group of patients, but he should now be using his more mature judgment 
in general problems and guiding the intern. This philosophy does not preclude 
assignment of an intern or an assistant resident to a specialty service but his 
responsibility should be that of a physician and not of a specialist. 

If the attitude of viewing the patient as a whole is deeply ingrained during 
the early years of surgical training it will become a natural part of one’s in- 
vestigative and clinical instinets. It is no longer possible in most of the 
training programs to provide operative experience in all branches of surgery. 
Not many years ago, the specialties were part of the surgical training program 
and the resident progressed through these specialties, actually doing gynecologic 
surgery, orthopedics, and so forth. Today the requirements of specialty boards 
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have sharply segregated most of these services and it is impossible to incorporate 
them in the general surgical program. If, however, the specialists have a broad 
basie background, they will be in a position to place their field of activity on a 
much higher plane. We have many times noted the much more astute clinical 
judgment of the general surgery assistant residents than the specialty residents, 
when they are confronted by a major problem involving more than one body 
system. It is not difficult for a well-grounded surgeon to learn the techniques 
of urology or orthopedics, and it does seem that the specialty boards would do 
well to reconsider their requirements. The total period of training need not be 
increased, but there should be more emphasis on the development of the clinician 
and less on the development of the technician. In his presidential address before 
the Southern Surgieal Association, Dr. John Burch discussed this problem in 
regard to gynecology, where the situation seems to be in a state of chaos. 


D./?) 

The role of research is a vital one in the assistant resident’s program. It 
is not possible for every service to have a highly developed laboratory for 
investigative work but each resident should have an opportunity to learn the 
methods involved in research. For the young assistant resident, this requires 
eareful guidance by an experienced teacher. The young investigator may not 
have had an opportunity to formulate his own problem for study so it may be 
necessary to sow the seeds of an idea carefully. When a problem has been 
selected he must learn that the experimental approach must be orderly, the 
material must be organized for careful observation and evaluation, eareful con- 
trols must be maintained, and the data must be evaluated in terms of past 
experience. Most men will not go on to a career of investigation, but the 
ability to carry the scientific approach to clinical problems is invaluable. <A 
highly developed laboratory research program within a department adds greatly 
to resident training but it is not essential. There are many clinical problems 
which may be studied in any well-organized hospital, but the stimulus to do 
this must come from the teacher and the best inspiration is a good example. 

The training period of the assistant resident, between the internship and 
the residency, should be one of gradually increasing responsibility until the 
time arrives when the resident is ready to assume the active direction of his 
service. The training of a surgeon should include experience in the various 
specialties such as orthopedics, urology, neurologic and plastic surgery. The 
general surgical training should provide an opportunity to learn the basie 
principle of patient care and management in all of these fields, but in particular 
the basic diagnostic methods should be stressed. This aspect is emphasized 
because it will result in a broader concept of patient care and not because there 
is any feeling that the role of the specialist should be curtailed. All too fre- 
quently, the general surgical assistant resident may be no more than a visitor 
when he is rotating through a specialty service, but by careful organization he 
ean be integrated into the training program. It is not an excessive demand to 
insist that every well-trained surgeon should know the fundamentals of the care 
of fractures, the methods of urologic diagnosis, the problems in management 
of a skull fracture, or the proper method of skin grafting. A period of training 
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in surgical pathology should also be mandatory and must offer an opportunity 
to study both gross and microseopie pathology. The time which ean be devoted to 
this area of necessity must be far less than is necessary to train a man to be an 
experienced pathologist, but it should be adequate to instill in the mind of the 
young surgeon an enthusiasm and desire to continue his interest in this field 
throughout his lifetime. 

Earlier in this discussion, reference was made to difficulties involved in 
maintaining ward services adequate for operating experience in the training 
program. This is due primarily to the growth of insurance programs, group 
coverage, and the over-all economie status of the country. These same factors, 
however, may increase the opportunity for developing an integrated program 
leading to the residency, because they bring a wealth of clinical material to the 
hospitals. These patients can and should be used in the residency program, 
but the type of care and graded responsibility must be the same as on the ward 
service. They should not be segregated in the sense of considering the more 
elaborate accommodations a barrier to students and house staff. They should not 
be used for the training program unless they are under the care of the teachers, 
men who are willing to use their patients for bedside teaching at rounds and 
who will manage the case in exactly the manner which is most advantageous for 
teaching. The private patient of today should know that modern surgical care 
is so complex that one individual cannot do personally all that is required. The 
patient should realize that house officers, under guidance of the attending 
surgeon, can add greatly to his care and he also should appreciate the fact that 
his eare is very likely to be much better by virtue of the house officers’ presence 
and the stimulus of their enthusiastie minds. 

The operative experience in the private patient group can also be of great 
value in the training program. It has been our custom to assign two or three of 
the more senior assistant residents to one or more senior attending men depend- 
ing on the size and variety of their practice. Following World War II, we did 
this with some misgivings but, to our great satisfaction, this part of the service 
has been very helpful and these assignments are, short of the chief residency, 
the most highly sought. The patients are told that the residents will have a 
very active part in their management during the preoperative evaluation and 
postoperative care and that they also will have an active part in the operation 
under the attending’s direct supervision. This is not a substitute for complete 
patient care responsibility, which must be the aim of a residency, but the pro- 
gram is of tremendous help in the preparation for the chief residency. The 
complete responsibility for the care of a few patients having gastric resections 
is far more valuable than assisting with a hundred. This private service 
experience can be an invaluable step in the graded program and forms an ideal 
link in the chain just before becoming resident. 

The American Board of Surgery and the American College of Surgeons 
have established minimal requirements for training, but the value of a program 
depends entirely on the teachers in charge. The members of this society are 
dedicated to the academic aspects of surgery, and our training programs of 
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today are largely the result of the efforts of our members and the efforts of 
our teachers. We, as individuals, represent a relatively small number of the 
surgical schools in existence in the United States today, but our membership 
can and does have a potent influence in the whole field of surgery. Our mem- 
bership is reaching out to the north and south, and to the east and the west, so 
that more and more experienced teachers and men dedicated to the improvement 
of surgery will influence education throughout the country. This is especially 
true in the Veterans Administration program, and in many hospitals whose 
training programs have become affiliated with the University. We must con- 
stantly strive to widen our sphere of influence, but we must also be alert and 


maintain our own house in good order. We must constantly re-evaluate our 


own programs so that we may maintain our own standards today and develop the 
University surgeon of tomorrow. 


REFERENCE 


1, Internships and Residencies in New York City, 1934-1937. Their Place in Medical Edu- 
eation. Report by the New York Committee on the Study of Hospital Internships 
and Residencies. New York, 1938, The Commonwealth Fund. 
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THE DIRECT-VISION INTRACARDIAC CORRECTION OF CONGENITAL 
ANOMALIES BY CONTROLLED CROSS CIRCULATION 


RESULTS IN THIRTY-Two PATIENTS WITH VENTRICULAR SEPTAL DEFECTS, 
TETRALOGY OF FALLOT, AND ATRIOVENTRICULARIS COMMUNIS DEFECTS 


C. Watton LitLeHEe!, M.D., Mortey Conen, M.D.,* Hersert E. WARDEN, 
M.D.,** anp Ricuarp L. Varco, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


ONTROLLED cross cireulation has provided a method of direct-vision 

surgical approach to the interior of the heart. By means of this technique 
it has now become feasible to perform corrective surgery for lesions previously 
either inoperable or subject to palliative procedures only. 

Since the initial clinical application of this method at the University of 
Minnesota Hospitals on March 26, 1954,1 thirty-two operations have been per- 
formed. Th following types of congenital cardiac malformations—ventricular 
septal defects, atrioventricularis communis, isolated infundibular pulmonie 
stenosis, and tetralogy of Fallot—have been successfully treated by direct-vision 
intracardiac correction of the anatomic defect(s) present, thereby restoring the 
circulation to normal. 


The objectives of this present report are twofold: first, to present in some 
detail the method of cross circulation as utilized clinically in these operations 
and, second, to present briefly the results of the application of these surgical 
techniques formulated and found to be of value in the curative management 
of these defects. 


THE PHYSIOLOGY OF TOTAL CARDIAC BY-PASS EMPLOYING THE AZYGOS FLOW PRINCIPLE 


The quantity of blood circulated for safe support of the patient during 
the by-pass interval has been reduced substantially below the basal or resting 
eardiae output. The volumes that we have calculated for the total body per- 
fusion in each case were derived from the patient’s body weight and the quanti- 
tative azygos flow experimental data.?»* These volumes have varied from 25 to 
40 ¢.c. of blood per kilogram of patient body weight per minute. 

These azygos flow experimental studies constitute the physiologic founda- 
tion of this method for total cardiae by-pass and likely will prove applicable to 
other methods of by-pass utilizing body perfusion. Previously it had been 
generally believed*'® that the minimum amount of blood necessary for safe 


Supported by research grants from: (1) Graduate School, University of Minnesota, 
(2) Minnesota Heart Association, (3) Life Insurance Medical Research Foundation, (4) 
National Heart Institute, U.S.P.H.S. (H-830). 

Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
1955. 

*Life Insurance Medical Research Fellow. 

**Trainee, National Heart Institute, U.S.P.H.S. 
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maintenance of the vital centers during cardiae by-pass was the basal or resting 
‘ardiae output, that is, 100 to 160 ¢.c. per kilogram of body weight per minute. 
But in contrast to this belief, Andreasen and Watson'! and Cohen and associates® 
in our laboratory found that dogs uniformly survived long periods of complete 
vena caval occlusion recovering without discernible sequelae when only the blood 
flow from their azygos vein was allowed to enter the heart. 

Cohen’s? measurements of this azygos flow in a series of dogs indicated 
that it varied from 8 to 14 ¢.c. per kilogram of body weight per minute. This 
value is less than one-tenth of the resting or basal ecardiae output. Thus, these 
experimental observations clearly indicated that unbelievably small quantities 
of blood flowing through the animals’ bodies maintained their vital organs fune- 
tionally unimpaired during this limited period of otherwise complete vena caval 
occlusion. The major importance of these studies was that they altered the 
previously unchallenged but erroneous concept that it was necessary to circulate 
large volumes of blood (in the range of the basal cardiac output or more) for 
safe survival during an interval of total cardiac by-pass. The unequivocal 
demonstrations that normothermic dogs uniformly and safely survived on !ess 
than 10 per cent of their basal cardiae output made it both feasible and prac- 
ticable to consider the employment of far simpler methods for achieving total 
eardiae by-pass.’ * 1? 

In dogs undergoing total body perfusion at blood flows in the azygos range 
(8 to 14 ¢.c. per kilogram of body weight per minute), the hearts were observed 
to be irritable although they tolerated auricular cardiotomies.'* However, 
further experimental studies’ '* indicated that operations within the ventricles 
required somewhat larger flows (20 to 40 ¢.¢. per kilogram of body weight per 
minute) if safe recovery was to be the rule. On the basis of these experimental 
data, the human patients have been similarly perfused at a rate varying from 
25 to 40 ¢«.c. per kilogram of body weight per minute at a normal body tem- 
perature in all eases. There has been no evidence detected that these rates of 
flow in human beings have been associated with any discernible ill effects. 
In fact, all available evidence suggests that even lower flows are practicable in 


man. 


METHOD IN MAN 


In a previous report! concerning the first eight patients to have ventricular 
septal defects closed, we have described certain of the technical details of the 
methods utilized in these cross circulation procedures. In this communication 
we shall limit our discussion to those aspects of the method that have been 
significantly altered since that report. 

Kig. 1 portrays diagrammatically the method of linking together of the 
circulatory systems of the patient and donor to permit total by-pass of the 
patient’s heart and lungs. Four significant changes have been made since the 
previous report, These are: (1) method of cannulation of the patient’s caval 
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system, (2) use of a venous reservoir, (3) alterations in the pump assembly, 
and (4) routine use of a tourniquet about the base of the aorta to provide ¢ 
bloodless operating field. These improvements are discussed more fully later. 
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Fig. 1.—Method of linking donor and patient for direct-vision intracardiac surgery. 

a, Patient: Showing sites of arterial and venous cannulations. 

b, Donor: Showing sites of arterial (superficial femoral) and venous (saphena magna) 
cannulations. 

ec, The venous reservoir and air trap. 

d, The pump assembly which consists of a single electric motor and two pumping units 
each with its own speed changer. This pump controls the reciprocal exchange of blood between 
patient and donor. 

e, A magnified view of the patient’s heart showing the two plastic vena caval catheters 
inserted through separate stab wounds in the right atrium and positioned with their tips in 
the superior and inferior vena cava, respectively, so as to aspirate venous blood from both 
caval systems during the by-pass interval. Note also the relative position of the vena caval 
occluding tapes for securing inflow stasis during the intracardiac procedure. The arterial 
blood from the donor is circulated to the patient’s body via the catheter inserted into the 
right or left subclavian artery. 


Patient’s Vena Caval Cannulations.—Previously, we reported’ a method 
of intubating the patient’s caval system by means of a catheter inserted via the 
jugular vein. Currently, we prefer to use two separate caval catheters placed 
through separate stab wounds in the right atrium. For this insertion, a small 
area of the atrium is encircled by a 000 silk purse-string stitch. Then, with a 
stiletto-bladed knife the tented-up auricular wall is incised and the catheter 
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is slipped into its place in the respective cava* (Fig. 1, e). The catheters are 
then secured by tying the previously placed purse-string stitch. Blood loss 
encountered during these manipulations is negligible. (The catheter removal 
is similarly easily carried out, and after occluding a small knuckle of the atrium 
with a spoon vascular clamp, a suture is applied to this previously made in- 
cision.) These two plastic caval catheters are then joined together by a stainless 
steel Y. 

Among the advantages of this technique of caval cannulation may be 
mentioned the greater ease of insertion, the positive knowledge of exactly where 
the tips lie within the eavae in relationship to the occluding tapes, the freer 
flow of blood out of the caval system with two catheters, and obviation of the 
need for a supraclavicular incision and consequent sear. 

A technical point of some value in patients with very large left-to-right 
shunts is to refrain from inserting the caval catheters until just before the 
cardiotomy. Such patients frequently have very small cavae (due to their low 
systemic blood flow), and even the small catheters used may occupy 50 per cent 
or more of the caval lumen and depress the blood pressure by interference with 
cardiac filling. The same considerations apply to their removal promptly after 
completion of the cardiotomy and the resumption of a satisfactory heart action. 
The blood pressure often responds by a further 20 to 40 mm. Hg rise as soon 
as these caval catheters are removed. 

Even when eardiotomy has been performed through the right atrium (as 
for the correction of an atrioventricularis communis defect), we have not found 
the catheters to interfere with the exposure; in fact, they have heen quite helpful 
during these complicated repairs by maintaining clear definition of the caval 
orifices. 

Cannula Size—tThe vessels of the patient and donor are cannulated with 
(commercially availablet) thin-walled plastic catheters with swedged-on nylon 
or aluminum adapters. The thirty-two patients operated upon have ranged in 
age from 3 months to 14 years and their weights from 4.6 kilograms to 38 
kilograms. In the tiny infants the 12-F size fits comfortably into the subclavian 
artery, in the older infants the 14-F size proved suitable, and in the larger 
children the 16-F size was utilized. Generally, we insert the same sized catheters 
into the patient’s cavae as was utilized for the patient’s subclavian artery can- 
nulation. The donor’s superficial femoral artery and saphenous vein have been 
cannulated either with the 14-F or 16-F sized tubes. These catheters have been 
sterilized by soaking in Zephiran 1-1,000 for forty-eight hours, and they are 
always discarded after being used once. 

Venous Reservoir.—The venous reservoir (Fig. 1, c) serves two important 
functions, each of which augments the safety of the controlled cross circulation 
method. The first of these functions is to maintain a free flow of blood out of 
the patient’s caval system under all conditions by preventing the development 
of an elevated negative pressure in the afferent venous circuit, which tends to 


*We have usually stiffened the catheters for this cannulation by temporarily inserting a 
No. 26 steel wire into their lumen. This wire is then withdrawn as soon as the catheter is 
in place. 

+Bardic, C. R. Bard Inc., Summit, New Jersey; or Pharmaseal, Glendale, California. 
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occlude the catheter tips by causing the thin caval walls to be sucked into the 
catheter ostia. The second important function of the reservoir is to serve as 
an effective bubble trap. This function is especially valuable when it becomes 
necessary to work within the right atrium, because it makes it unnecessary to 
pull the occluding tapes about the cavae so tight that there is risk of obstructing 
the flow through the contained catheters. Instead these tapes are pulled up 
very gently, and if any air leaks into the system it is effectively trapped within 
the reservoir. 

This reservoir unit consists of a 1 quart (960 ¢.c.) wide-mouthed Mason jar 
onto which a one-piece stainless steel top has been fashioned. This cover con- 
tains 3 metal cannulas (*4, inch or 14 inch internal diameter) as illustrated 
(Fig. 1, c). A regular Mason jar eap and rubber gasket are utilized to affix 
this new top in place. These three cannulas constitute, respectively, the reservoir 
inflow orifice, the outflow orifice, and the air inlet which projects above the level 
of the contained blood when the bottle is suspended in its top-down position. 
The air inlet tube is ordinarily occluded on the outside by a clamp and has at 
its top a vacuum gauge. The entire assembly is sterilized by autoclaving 
(exeept the gauge which needs no sterilization). 

After the donor’s and patient’s vessels have been cannulated and the 
pump given a final calibration with warm sterile isotonic dextrose solution, the 
reservoir which has been previously filled with filtered compatible citrated 
bank blood* is inserted into the extracorporeal cireuit by transecting the plastic 
tubing (which has been left filled with the isotonic dextrose solution) at the 
desired position in the afferent venous circuit (Fig. 1, c). The reservoir is 
then suspended at a level below that of the patient to provide a gentle siphoning 
effect upon the cavae and also to prevent any tendeney of the pump to draw 
blood preferentially from the reservoir. 

After the pump has been started and the cavae occluded, the reservoir is 
monitored full time by an assistant. In ten of the fifteen cases in which the 
reservoir has been utilized it has required no further attention during the run. 
However, in the remaining cases, whenever there was more than the usual 
slightly negative pressure (4 to -6 mm. Hg) noted on the gauge, a change also 
easily detectable by a slight fall in the level of the blood within the reservoir, 
the assistant monitoring the reservoir has opened the air inlet for fifteen to thirty 
seconds while 30 to 50 e.c. of blood leaves the reservoir and the pressures are 
readjusted within. The air inlet is then generally reclamped (but it may be 
left open since the pump will not draw preferentially from the reservoir if the 
flow out of the cavae is unimpeded), and the flow from the ecavae proceeds 
smoothly and freely again for a variable period. It has not been necessary to 
leave the reservoir Open in any ease for more than thirty seconds to one minute 
at a time, for this pressure readjustment occurs promptly. The fact that a 
transient release is all that is necessary strongly suggests the absence of any 


*There is no reason that the reservoir needs to be primed with blood except that the 
resultant hemodilution in the donor (if it were filled with isotonic glucose or saline solution) 
would reduce somewhat the oxygen-carrying capacity of the donor’s blood being circulated 
back to the patient. 
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significant failure of venous return* to the heart, but rather indicts obstruction 
caused by collapse of the vena caval walls about the catheter tips. The Sigma- 
motor pump is so constructed that the tubing is always completely shut off by 
one or more of the metal fingers; thus once a negative pressure develops within 
this closed system it is maintained and accumulates unless a method such as 
the reservoir is provided to correct the situation. In none of the clinical cases 
to date has it been necessary to release more than a total of 350 ¢.c. of blood 
from the reservoir during the entire by-pass: interval. 

More recently we have confirmed the suggestion that if the diameter of the 
rubber tubing within the pump is increased sufficiently so that the flow is 
pulsatile with a long diastolic phase (up to 50 per cent or more of the cycle), 
then this tendency toward a negative pressure build-up is lessened or even 
obviated as measured by the gauge and reservoir. However, we feel that the 
other functions of the reservoir are of sufficient importance that it should 
remain in the circuit. Particularly is this so since the reservoir has been utilized 
in the last fifteen of our operations, and has proved free of any complications. 

We have further investigated the possibility that the flow of blood into and 
out of this reservoir during th perfusion might cause hemolysis. Measurements 
of the plasma hemoglobin levels in the reservoir blood immediately before and 
after perfusion showed no increase in the four eases in which these observations 
were made (Table I). Likewise, measurements of the plasma hemoglobin levels 
in the donor’s blood immediately following conclusion of the perfusion proce- 
dure have remained normal (Table I). 


TABLE I. ABSENCE OF ANY HEMOLYSIS ATTRIBUTABLE TO THE USE OF A VENOUS RESERVOIR 

















a q BLOOD = 
| PLASMA HBG. (MG. %) 
DURATION OF RESERVOIR DONOR 
PUMP RUN IMMED. IMMED. AFTER 
PATIENT DEFECT ( MIN.) BEFORE AFTER PERFUSION 
C. G. L.V.8.D. 9 5 0 7 
(5 mo.) 
L. J. L.V.S.D. 15 1 0 0 
(8 yr.) 
L. K. Tetralogy 15% 2 0 2 
(2 yr.) (atresia ) 
K, A. L.V.8.D. 17 24 21 10 
(17 mo.) 





In the arterial limb of the extracorporeal circuit, flow is always free so 
long as the tip of the afferent catheter lies within the donor’s abdominal aorta 


(Fig. 1, b). 
Selection of Donors and Blood Typing.—There has been no change from the 
principles previously outlined’* except that in using the venous reservoir we 


*Andreasen and Watson” experienced difficulties in getting the blood to flow freely in 
their caval catheters, and they concluded that significant capillary pooling engendered by 
low perfusion rates was occurring in their animals. We have not observed this phenomenon 
nor have we been able to duplicate it in our dogs even at extremely low flow rates for pro- 
longed periods up to one and one-half hours. Therefore, we believe that the explanation of 
these difficulties is related to their method of cannulation of the cavae and possibly also to 
their pump and that significant capillary pooling with failure of venous return does not occur. 
In fact, actual pressure measurements confirm the latter by demonstrating the sustained high 
venous pressures in the cavae outside of the heart during the perfusion interval.” 
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make an intercross-match between the two bottles of blood mixed directly to- 
gether in the reservoir at the onset of the procedure. 

The Pump.*—An efficient pump is the only special equipment required for 
the performance of intracardiac surgery by means of controlled cross cireula- 
tion. The principle of the pump model utilized by us in these more recent 
elinieal cases has remained unchanged from that previously described. We 
have found this type of pump to function very satisfactorily. Its sturdiness 
and reliability are important safety factors and the amount of hemolysis at- 
tributable to the pump has been measured and is negligible under the conditions 
of its use in these patients. Moreover, several modifications have been made 
to improve the ease and convenience of its use in this special technique. 

The pumping unit, weighing about 75 pounds, now consists of a single 
explosion-proof electric motor (14 horsepower), which activates two pumps 
each equipped with an individual speed changer and gear box all mounted on 
a single base (Fig. 2, A, and B). Each pump ean be operated by a hand wheel 
during an emergency caused by power or mechanical failure. The capacity 
range varies from a minimum of 100 ¢.c. per minute to a maximum of 2,000 c.e. 
per minute through each pump. The latter figure represents a considerably 
greater capacity than would be required for total by-pass in an adult patient. 
The flows in the two circuits can be quickly balanced by a vernier adjustment 
of the speed control. The rate of flow is determined by adjustment of the speed 
changer and the sizet of tubing used. 

The top of the pump easing is hinged (Figs. 1, d, 2, B) to allow easy in- 
sertion of the heat-sterilized tubing. The two halves of the top open, and the 
tubes are inserted in their proper slots in the side plates. The halves are then 
closed around the tubes and locked in place. 

Blood-free Intracardiac Operating Field—One of the frequently voiced 
handicaps suggested as inherent in a perfusion method for performing intra- 
eardiae surgery has been the fact that the intracardiac operating field would 
be bathed by the coronary venous circulation. In several reported operations 
with heart-lung machines*‘ utilizing large perfusion flows, this coronary loss 
has been said to be tremendous. With the controlled cross circulation technique 
that we have used, the patients have been carried at rates of flow substantially 
below their basal cardiae output. This fact has accounted for a drastic reduction 
in the quantity of their coronary sinus loss, and has improved the surgeon’s 
intracardiac visibility immeasurably. However, in an occasional ease the blood 
flowing back into the heart through an aortic valve rendered temporarily in- 
competent by the manipulations has proved troublesome. 


*Sigmamotor Model T-6S, 3 North Main, Middleport, New York. 

+The diameter of the short length of tubing (10 cm.) within the pump is an important 
factor in determining the quantity output per pump cycle. For exampe, increasing the in- 
ternal diameter of this 10 cm. length of tubing within the pump from %g@ inch to % inch will 
almost double the output per minute, other factors remaining equal. Because of its superior 
elastic qualities gum rubber is recommended for this portion of the circuit within the pump 
which comes in contact with the metal fingers. Plastic tubing of %g inch or 44 inch internal 
diameter with a wall thickness of eg inch has been utilized in the remainder of the extra- 
corporeal circuits. Alterations in the internal diameter of the tubing of this portion of the 
circuit have relatively much less effect upon the resistance to flow; therefore, the diameter of 
the tubing in this portion of the extracorporeal circuit is kept relatively small to reduce the 


quantity of blood outside the body. 
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Fig. 2.—The pump assembly. 

A, The pumping unit consisting of a single explosion-proof electric motor (14 horsepower), 
which activates two pumps each equipped with an individual speed changer and gear box all 
mounted on a single base. 

B, Close-up of one of the pumping units. Note: The hinged pump casing for easy 
loading of the heat-sterilized tubing, the multiple metal fingers, which massage the blood 
unidirectionally within the tubing, may be seen, and the speed changer with its vernier 
control for ease in regulating and balancing the flows in the two circuits. 
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tourniquet permitting a bloodiess intracardiac operating field. 

The aorta is encircled, as shown, routinely in all procedures in which the heart 
be opened. Note in the main drawing the position of the tape temporarily occluding the 
ascending aorta between the arterial inflow catheter in the right subclavian artery, and the 


Fig. 3.—The aortic 
is to 


aortic valves and coronary artery orifices. This maneuver gives a completely bloodless intra- 
cardiac field at will with no ill effects so long as the time limitations described in the text 
are adhered to. 

Inset shows the Rumel tourniquet released during the phases of the intracardiac pro- 
cedure in which an absolutely bloodless field is not needed. 
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To avoid this annoyance the root of the ascending aorta has been dissected 
free from the adjacent pulmonary artery and encircled with a cotton tape to 
which is attached a Rumel tourniquet (Fig. 3). Then if the cardiotomy field is 
bloody, the Rumel tourniquet is cecluded briefly, while the defect or other intra- 
cardiac pathology is inspected, and released momentarily to permit a free coro- 
nary flow, and then periodically tightened and opened as requirea during the 
actual suturing. When needed, the field can be made bloodless, and by this 
very fact, this maneuver has contributed substantially to a reduction in the 
blood loss via the coronary flow, as well as to a reduction in the time needed 
for the necessary reparative surgery. The demonstrated tolerance of the heart* 
for brief episodes of stasis in the coronary flow is probably in part related to 
the decreased work load assumed by that organ as a consequence of the total 
venous inflow stasis. This fact has been emphasized previously in our experi- 
mental studies.*-® 


ANESTHESIA 


A description of the anesthetic principles applicable to the cross circulatory 
procedures has been published.’* ** A particularly interesting observation in 
the experimental studies’ * (also confirmed in man) has been the occurrence 
of an acidosis during the cardiac by-pass interval. This acidosis is due primarily 
to an accumulation of fixed acid metabolites (lactic acid, and so forth) with 
only a slight rise in the arterial CO, tension. Further studies'* have indicated 
that this metabolic depression of the pH develops in the presence of and in 
spite of an alveolar CO, tension that is kept within normal limits by regulation 
of the donor’s respiratory minute volume. However, these results also indicate 
that it is possible to compensate for this metabolie acidosis and elevate the pa- 
tient’s arterial pH toward (and at times exceed) normal values by increasing 
the donor’s respiratory minute volume to the extent that his alveolar CO, tension 
is below the normal range. As a consequence of these studies, in the clinical 
operations the donor’s respiratory minute volume has generally been arbitrarily 
increased 2 to 3 times above its control figure during the by-pass interval in 
order to maintain the patient’s arterial pH within normal limits. 

At this time we have no evidence that such control is essential except to 
cite the fact that this practice may in part be responsible together with other 
factorst for the fact that we have been virtually free of conduction abnormalities 
in these thirty-two operations, despite the fact that nearly all have involved 
‘ather extensive stitching or cutting procedures in the ventricular septum. 

Control of Body Temperature.—Patients (particularly infants and chil- 
dren) subjected to anesthesia and a bilateral thoracotomy in an air-conditioned 
operating room often undergo a rapid fall in body temperature (3 to 5 degrees 





*Dogs with total cardiac by-pass, being perfused at reduced flows (25 to 35 «ce. per 
kilogram per minute) from a donor, tolerated complete occlusion of their coronary flows for 
three minutes without discernible ill effects. After a one-minute recovery period, this three- 
minute occlusion could again be effected without harm, and the three-minute occlusion period 
alternating with a one-minute recovery interval could be continued more or less indefinitely. 
¢+Normal body temperature, removal of the heart’s work load during the repair, and a 
well-oxygenated myocardium. 
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per hour).* This fall in body temperature has a deleterious effect upon the 
cardiac conduction system, and if severe will preclude successful procedures 
within the ventricles. As a consequence, an electric heating blanket is placed 
under all the patients being operated on for intraventricular pathology, and a 
temperature-recording catheter is also inserted into the rectum and connected 
to a dial at the head of the table where it may be monitored by the anesthesi- 
ologist. 


CORONARY SINUS BLOOD LOSS DURING OPEN CARDIOTOMY 


The quantity of blood aspirated from the interior of the heart during the 
by-pass interval as well as the blood lost during the other phases of the opera- 
tion has been replaced synchronously volume for volume with citrated bank 
blood introduced via a polyethylene tube in the patient’s saphenous vein. 

Methods have been deseribed'® 17 for returning to the patient coronary 
sinus blood lost during cardiotomy. However, we have been impressed in the 
experimental laboratory by the fact that this blood is very toxic, and intra- 
venous infusion of even relatively modest quantities is frequently lethal to 
normal dogs. Clinical measurements of the plasma hemoglobin content of this 
blood indicate a high level of hemolysis (Table II), despite the fact that human 
blood is considerably more resistant to hemolysis than is dog blood. It is quite 
likely that the plasma hemoglobin is not the main toxie agent, but merely an 
indicator that fibrinolysin and possibly other lytic enzymes, known and un- 
known, have likewise been activated by the trauma imposed by an effective 
suction tip. As a consequence, in all our clinical operations we have discarded 
this coronary sinus blood collected from the cardiae interior. In confirmation 
of this are the satisfyingly low levels of plasma hemoglobin measured in blood 
samples from our series of patients and the fact that in none of these sixty-four 
patients and donors has there been even a suggestion of an abnormal hemor- 
rhagic tendency observed either at surgery or postoperatively. 


TABLE II. CORONARY SINUS BLOOD COLLECTED FROM THE OPEN HEART DURING TOTAL By-PASS* 





| QUANTITY LOST 








| COLLECTED CORONARY SINUS BLOOD 




















CARDIOTOMY FROM OPEN 
NO. OF DURATION CARDIOTOMY | PLASMA HBG. (MG. %) 
PATIENTS (MIN. ) (MEAN) | RANGE | MEAN 
8 6 to 14 395 ¢@.¢c. 111 to 744 406 





*This blood was aspirated into a siliconized receptacle and then discarded. (See text 
for reasons.) 


HAZARDS OF PREMATURELY OPENING THE PERICARDIUM 


We feel obliged to emphasize the hazards to the patient of opening the 
pericardium for exploratory purposes, when no technique is at hand for correct- 
ing the intracardiac pathology that may be present. Under such circumstances 
to open the pericardium is a disservice to the patient inadequately compensated 
for by the additional knowledge about the diagnosis thereby acquired. To do 


*Since we appreciated this observation, spontaneous hypothermia has been observed rather 
frequently in the Recovery Room as a cause of otherwise unexplained shock and poor respira- 
tory exchange in infants and children, particularly after several types of rather innocuous 
procedures, for example, skin grafting. 
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so willfully, as a short eut to such established diagnostic techniques as cardiac 
catheterization and angiocardiography, can no longer be condoned. The hazards 
of a subsequent operation for such individuals are substantially increased be- 
‘ause (1) the dense adhesions make the entire dissection more difficult, (2) these 
adhesions obscure the coronary pattern so that accurate placement of the 
cardiotomy is less sure and even impossible, (3) these adhesions also prevent 
a free displacement of the heart necessary at the time of cardiotomy to obtain 
adequate intracardiac exposure, and (4) not the least, the myocardium is 
infiltrated, soft, and accepts suturing very poorly. We have operated on such 
patients in this series. One of the deaths was directly attributable to our 
inadvertent cutting of a main coronary artery concealed among dense scarring 
secondary to the reaction incited by the previous exploratory pericardiotomy. 
In another, the outcome was successful but only after considerable difficulty 
was experienced in getting the stitches for cardiotomy closure to hold in the 
mushy ventricular myocardium. The prolonged period of time available with 
the pump undoubtedly contributed to saving this particular patient’s life. The 
decision to open the pericardium, we believe, should not be made lightly and 
probably should be avoided in nearly all cases until the surgeon is prepared to 
deal completely with such pathologic processes as might reasonably be en- 
countered. 
RESULTS 

This report is concerned largely with the technical details of the cross 

circulation method per se, but its application to clinical problems previously 


TABLE IIT. DtIREcT-VISION INTRACARDIAC CORRECTION OF CONGENITAL ANOMALIES BY 
CONTROLLED CROSS CIRCULATION: RESULTS 




















NO. OF RESULTS 
PATIENTS OUTCOME 
DEFECT DIRECT-ViSION PROCEDURE | OPERATED ON| SUCCESSFUL | DEATHS 
Interventricular septal Suture closure of septal 22 15* 7 
defect defect 
Tetralogy of Fallot Suture closure of ventricular 6 3t 3 


defect with resection of 

infundibular stenosis 
Atrioventricularis com- Suture closure of both atrial 2 t 
and ventricular defects 


— 
— 

+ 
— 


munis 
with correction of valvular 
deformity 
Isolated infundibular pul- Resection of infundibular 1 1§ 0 
monic stenosis muscle 
Pulmonary stenosis with Ventricular cardiotomy to l 0 1 
interatrial septal defect correct pulmonary stenosis, 
and anomalous pulmo- atrial cardiotomy to close 
nary venous drainage in- septal defect, and transpo- 
to right atrium and sition of pulmonary veins 
superior cava to left atrium 





*Three patiénts have been recatheterized; in all their prior existing shunt is completely 
closed. Two patients (both successful) have had both atrial and ventricular cardiotomies for 
coexisting separate defects. 

+Femoral artery oxygen saturations in these cases: Case a: preop. 80%, 
b: preop. 25%, P.O. 94%, Case c pulmonary atresia): preop. 39%, P.O. 95%. 

tHas been recatheterized and no shunt remains. The preoperative pulmonary artery 
pressure has fallen fron a high of 90/50 mm. Hg to a postoperative value of 20/4 mm. He. 

§Has been recatheterized and the preoperative right ventricular pressure which was 
136/0 mm. Hg was (4 mo. postoperatively) 25/0 mm. He. 

|| An 11-month-old infant. 


P.O. 96%, Case 
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not amenable to curative surgery is obviously pertinent. The results of the 
first thirty-two cross circulation procedures are listed in Table III. During all 
these operations the patient’s heart and lungs have been totally by-passed for 
a period up to forty minutes, and in each ease a cardiotomy was made into one 
or more chambers in order to correct, under direct vision, the anatomic deformi- 


ties present. 

Ventricular Septal Defects—Our largest clinical experience to date has 
been with this lesion. All patients operated upon have been symptomatic and 
all have had pulmonary hypertension. Patients in some of the successful cases 
preoperatively were unable to survive outside of an oxygen tent. Four infants 
(three successful) had never been out of a hospital (except for a few days) 
since birth. Only one patient developed ventricular fibrillation during closure, 
and this patient was successfully defibrillated. Of the seven deaths, six oecurred 
in infants under 2 years of age. None of the deaths occurred in the operating 
room, but rather the patients died in the postoperative period. The deaths were 
due to technical errors (usually imperfect closure of the defect) or to respiratory 
complications to which these patients with pulmonary hypertension are par- 
ticularly prone. Only one patient (an infant aged 3 months) developed a com- 
plete heart block of other than momentary duration while the defect was being 
sutured. The heart block in this patient had completely disappeared by elec- 
trocardiogram analysis one hour after surgery; however, the infant died 
suddenly twelve hours postoperatively. At autopsy the ventricular defect was 
completely closed and there was no anatomic cause of death present, so it is 
possible that the heart block had reeurred to cause this otherwise unexplained 
death. 

The paucity of conduction difficulties has been encouraging in view of the 
trepidations and pessimism expressed by others about suturing high in the 
region of the ventricular septum. These encouraging observations are cited as 
ample testimony to the fundamental physiologic soundness of the cross cireula- 
tion method, and also as a corroboration of the experimental studies which 
indicated that conduction difficulties were minimal provided that the heart 
temperature was normal, the pumping burden relieved during the repair, and 
the myocardium well oxygenated. A detailed report of the first eight patients 
of this series to have ventricular septal defects closed has been presented." 
Three of these first patients have been recatheterized postoperatively and in all 
three the shunt is completely closed.* Details concerning the remainder of 
these patients as well as pertinent observations on the surgical anatomy of these 
defects will be presented subsequently. 

Tetralogy of Fallot—Although our experience with the corrective operation 
for this lesion is yet small, the suecesses have been so gratifying and the failures 
sufficiently instructive to make us believe that the curative procedure is the 
operation of choice in a child critically in need of help at this time. For the 
milder degrees of disablement we favor a temporary postponement of any 
operation, and periodic re-evaluation of the patient’s cardiac status. 
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Our first patient operated on for this defect (Aug. 31, 1954) was an 11-year- 
old boy (M. S., U.H. No. 807775) who had been followed in our clinic since in- 
fancy. Because he was getting along quite well until about two years ago, 
palliative surgery had not been advised in his earlier years in line with our 
policy of allowing as many of these children as possible to live into the era 
when curative surgery would be possible. In the months just preceding his 
surgery, he had experienced a progressive increase in dyspnea associated with 
a progressive diminution in his exercise tolerance. His preoperative resting 
femoral artery oxygen saturation was 80 per cent. Twelve weeks after closure 
of the ventricular septal defect and resection of the infundibular stenosis his 
femoral artery oxygen saturation was 96 per cent. A detailed report of this 
patient has been presented.'® 

The second successful case was a male infant, 18 months of age (W. B., 
U.H. No. 876082), unable to sit up, and unable to survive outside of an oxygen 
tent. His preoperative oxygen saturation in the femoral artery was 25 per 
cent. Following the intracardiae corrective operation he made an immediate 
and dramatic improvement. His femoral artery oxygen saturation (crying), 
seven weeks after surgery, was 94 per cent. 

The third suecessful patient operated on, a 2-vear-old girl (L. K., U.H. No. 
878331), was in severe difficulty as manifested by a preoperative femoral artery 
saturation of 39 per cent. At surgery she was found to have an atresia of the 
origin of the main pulmonary artery, but a definite trunk arose near the arterial 
bifureation into the right and left main branches. It was technically possible 
after closing the ventricular septal defect to create a new opening at the top of 
the outflow tract in the right ventricle and to anastomose the pulmonary artery 
to this newly created orifice. This patient’s color immediately after surgery was 
normal and her femoral artery saturation four weeks after surgery was 95 per 
cent. 

Two of the three failures in this group were technical errors; that is, 
failure to close completely the ventricular defect in one, and in the other creation 
of free aortic regurgitation by surgically induced trauma to the aortie cusps. 
The third fatality seems reasonably attributable to an intrapericardial explora- 
tion performed two years previously in search of a valvular stenosis. The 
adhesions remaining from this procedure so completely obscured the normal 
anatomy that the right ventricular cardiotomy was misplaced and resulted in 
eutting the right coronary artery with infarction of a sizable area of the ventri- 
ele. This catastrophe occurred despite a determined attempt to dissect out the 
location of the main coronary artery branches before the cardiotomy. 

Atrioventricularis Communis.—A series of operations performed on infants 
seriously crippled by large left-to-right shunts is almost certain to reveal some 
patients with this serious defect. In this condition there is a deficiency of the 
lower portion of the atrial septum (persistent ostium primum) and also a de- 
ficiency in the upper portion of the ventricular septum. It is this ventricular 
component which causes these patients to get into trouble in infaney. If only 
an ostium primum defect is present (without an associated ventricular septal 
defect beneath the common mitral-tricuspid valve), the patients will often be 
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out of the pediatric age group before any real symptoms become evident. Thus, 
we believe it is important for surgeons, cardiologists, and pathologists as well 
to distinguish accurately the fundamental difference between an ostium primum 
defect and an ostium primum defect which is associated with an incomplete 
fusion of the ventral and dorsal atrioventricular endocardial cushions, the latter 
resulting in an associated ventricular defect (an atrioventricularis communis 
defect ) .* 

The occurrence of concomitant valvular deformities (particularly a notched 
mitral valve) has been emphasized in the earlier pathologie descriptions of this 
lesion. Careful scrutiny of fresh specimens in the autopsy room has suggested 
to us rather that these valvular deformities are surprisingly minimal and prob- 
ably do not constitute a significant barrier to completely corrective surgery. The 
valvular incompetence or regurgitation noted in many of these patients clinically 
could well be due to the great eardiae dilatation often present, as a natural by- 
product of their very large shunts, and may be quite reversible once this shunt 
has been cured. From these observations in the autopsy room in past years, we 
have become convinced that this defect is in many cases a completely correctable 
one. These studies also indicated that the most advantageous exposure for 
repair of this defect was through a right atrial cardiotomy. 

We have operated on two patients with this defect. In the first patient 
(a 5-month-old infant) the exact nature of the anomaly was not appreciated 
until after the right ventricle had been opened. Repair was attempted unwisely 
through this approach, and as a consequence of the inadequate exposure the 
repair resulted in an intolerable stenosis to the aortie outflow tract. This 
patient succumbed immediately. The condition of next patient with this defect, 
a gravely ill girl of 17 months (L. S., U.H. No. 872841), was correctly diagnosed 
and the defect approached through a right atrial cardiotomy. Exposure of the 
defect was excellent. The upper margin of the ventricular septum was sutured 
to the lower edge of the atrial septal defect with interrupted silk, the stitches 
being placed through the origin of the common mitral-tricuspid valve. Because of 
the somewhat more complicated nature of this lesion, the intracardiac time re- 
quired to effect this repair was twelve and one-fourth minutes. The patient 
has been completely well clinically since surgical correction. Recently she has 
been recatheterized+t and has been found to have a normal cireulation without 
demonstrable shunt. Her pulmonary artery pressure has fallen from a pre- 
operative high of 90/50 mm. Hg to a postoperative level of 20/4 mm. Hg. 

Isolated Infundibular Pulmonic Stenosis—One child with an isolated 
infundibular pulmonic stenosis has been operated on in this series. This 5-year- 
old girl entered our hospital with bacterial endocarditis. Following successful 
clearing of the blood stream the preoperative cardiae catheterization disclosed 
a right ventricular pressure of 1386/0 mm. He. Four months after direet-vision 
resection of her infundibular stenosis, recatheterization disclosed a normal right 
ventricular pressure (25/0 mm. Hg). 


*In this defect, the common mitral-tricuspid valve is not fused to the top of the ven- 
tricular septum. 
7By Dr. J. D. Keith in Toronto, 
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The last patient noted in Table III (11-month-old infant), with pulmonary 
stenosis, a large interatrial septal defect, and anomalous drainage of the pul- 
monary veins into the right atrium and superior vena cava, had all these lesions 
repaired without technical difficulty, but developed a complete heart block at 
surgery. This conduction defect persisted postoperatively and was responsible 
for death of the infant eighteen hours later. This is the only patient in this 
series of thirty-two operations in whom death was known to be due to heart 
block. 


DONOR RESULTS 


In these thirty-two operations in which the controlled cross circulation 
technique has been utilized there has been no donor mortality. There has been 
one serious donor complication in the series. This occurred in a mother who 
suffered a profound hypotension necessitating a thoracotomy with cardiac mas- 
sage. She recovered from this complication without sequelae and was dis- 
charged from the hospital in good condition ten days later. This complication 
arose from a severe disproportion in the reciprocal exchange of blood between 
donor and patient during the interval of the cardiac by-pass, and has been 
obviated in all subsequent eases by the routine use of a venous reservoir between 
the patient and the pump in the venous circuit, as already described. One other 
complication occurred in a patient, not utilized as a donor, but for which we 
accept the responsibility inasmuch as she was being anesthetized with the in- 
tention of being used as a donor. Air was inadvertently introduced into the 
intravenous needle in her antecubital vein in an unwise attempt to clear an 
apparent obstruction in the needle by introducing air under pressure into the 
infusion bottle. This patient was promptly turned on her left side by the 
anesthesiologist as soon as the accident was recognized and her blood pressure 
promptly returned to normal. She was not connected to the pump and was 
not utilized as a donor. When she awoke from the anesthesia some neurological 
sequelae were present, from which she has recovered. 

Evidence of a transfusion reaction, of even a mild degree, has been com- 
pletely absent in all patients and donors. 


DISCUSSION 


The suecessful performance of corrective surgery for these several varieties 
of eongenital intracardiae defects has required the resolution of two broad 
problems. The first was the development of a successful method permitting 
intracardiae surgery in any chamber(s), and if necessary for prolonged periods 
of time. The second has been the development of surgical techniques capable 
of adequately correcting these pathologie situations. The research laboratory 
and the autopsy room have continued to remain in competition with one’s home 
for the available hours of each day, that we may improve upon our knowledge 
about these two basie issues. 

In these thirty-two patients there has been virtually no patient mortality 
attributable to the method itself. Once the patient has been linked to his donor, 
the patient’s body is assured of a continuous supply of perfectly oxygenated 
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blood. No complicated machinery or judgments are necessary to maintain 
homeostasis beeause the donor cireulation undertakes these complex vital fune- 
tions promptly and automatically. The surgeon is freed of any practical time 
limitations, and the heart continues to maintain a regular rhythm without seri- 
ous conduction disturbances because the myocardium is relieved of its pump- 
ing burden, is normothermic, and is nourished by its coronary arteries with 
blood perfectly adjusted as to oxygen, pH, and electrolytes. 

The patient mortality in this series has been almost entirely due either to 
failures of the surgeon to correct completely the intracardiae pathology present, 
or to various errors of commission or omission in the postoperative management 
aggravated by the fact that all these patients have been seriously ill prior to 
corrective surgery. This fact is, of course, paramount in evaluating the suc- 
cesses obtained. Had there been an appreciable mortality associated with the 
method itself, superimposed upon that inevitably associated with the learning 
phases of any new surgical venture, the over-all risk would likely have been 
deemed prohibitive, and would have added discouragement, rather than hope, for 
patients and workers in this field. 

As perhaps implied by the foregoing, the problems associated with the 
attainment of the second broad objective mentioned previously, namely, the 
acquisition of a familiarity with intraeardiae surgical anatomy under in vivo 
conditions and the development of new operative techniques, have been the more 
vexing. This circumstance also stems in part from the fact that, in this area, 
work in the experimental laboratory is of a more limited value. It may even 


be misleading because of our inability to reproduce accurately the pathology 
of these congenital malformations. 

Thus, knowledge in this area has had to come from three sources, none of 
which is ideal. These sources have been (1) logical deduction and assumption, 
(2) study of fresh autopsy specimens when available, and (3) the empiricism 
of trial and error at the operating table. When limited to the use of these 
techniques, reliable information inevitably comes slowly and poignantly. 


SUMMARY AND CONCLUSIONS 


1. Controlled cross circulation has removed the barrier to a direct-vision 
surgical approach to the interior of the heart. As a consequence, four varieties 
of congenital cardiac malformations previously either not operable or subject 
only to palliative procedures have been sucessfully treated by intracardiac 
correction. 

2. These malformations are: ventricular septal defects, atrioventricularis 
communis, isolated infundibular pulmonic stenosis, and tetralogy of Fallot. 
The results of curative surgery in the management of the thirty-two patients 
with these defects are described. Patients in each of these categories now have 
been objectively restudied postoperatively and have been demonstrated to have 
normal circulatory systems. 

3. There has been no need to use grafts or prostheses for these corrective 


operations. 
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4. Certain technical considerations in the clinical application of the cross 
circulation method are deseribed in detail. 

5. All these clinical operations have involved total cardiac by-pass for 
periods of up to forty minutes at normal body temperatures with perfusion of 
the patient’s body at reduced rates of flow based upon the azygos flow experi- 
mental studies. 

6. A blood-free intracardiac operating field has been obtained by a tourni- 
quet about the base of the aorta to control selectively the coronary blood flow 
and reeurgitation through the aortie valve. 

7. No patient (or donor) has had abnormal postoperative bleeding even 
though both are heparinized. This fact is confirmation of the lack of any damage 
to the patient’s or donor’s clotting mechanism, and also of our practice of 
discarding the blood aspirated from the interior of the heart. 

8. In the thirty-two patients operated upon there has been virtually no 
patient mortality attributable to the cross circulation method per se. Once the 
patient has been linked to his donor, the patient’s body has been assured of a 
continuous supply of perfectly oxygenated blood. No complicated machinery 
or judgments are necessary to maintain homeostas:s since the donor circulation 
undertakes these complex vital functions promptly and automatically. The 
surgeon is freed of time limitations, and the heart maintains a regular rhythm 
without conduction system disturbances because the myocardium is normo- 
thermic, is relieved of its pumping burden, and is nourished by its coronary 
artery flow of blood perfectly adjusted as to oxygen, pH, and electrolytes. 

9. There has been no donor mortality in these thirty-two cross circulation 



























operations. 








ADDENDUM 






Since submission of this report six additional cross circulation procedures have been 
performed for patients with ventricular septal defects or tetralogy of Fallot, making a total 
to date of twenty-five patients who have had direct-vision surgical correction of ventricular 







septal defects with seven deaths, and nine patients who have had the curative operation for 
the tetralogy of Fallot defect with four deaths. 

The vglue of relying upon a simple physiologic method for intracardiae surgery is 
attested to by the fact that the last thirteen consecutive cross circulation curative operations, 
all carried out in seriously ill infants or children with ventricular septal defects or tetralogy 
of Fallot, have been performed with only one death. There has been no donor mortality or 










morbidity in these additional procedures. 
Also since submission of this report, successful direct-vision repairs of ventricular septal 







defects in incapacitated patients have been carried out by two other simple techniques for 





total cardiac by-pass based upon these same general principles, but neither of which requires 
These two methods, the use of a heterologous lung oxygenator and the use of 






a donor. 
multiple transfusions of arterialized-venous blood, are deseribed elsewhere. 
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DR. HENRY SWAN (Denver, Colo.). —This was a superb asa vonderful demon- 
stration of technique. 


DR. MICHAEL E. DEBAKEY (Houston, Texas).—I rise not to discuss this paper, but 
to express tribute to Dr. Lillehei and his associates for this superb piece of work. I think 
it is perfectly wonderful and I think they deserve a great deal of credit for their imagination, 
for their boldness, and for their demonstration of this technique as a practical 7 successful 


procedure. I am sure every member of this audience shares my feeling that this is really 


and truly inspiring work. 
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(BY INVITATION), MARVIN GLIEDMAN, M.D."! (By 
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HE field of eardiae surgery has advanced rapidly in the past sixteen years, 

and the limits of possible intervention continue to enlarge. The types of 
intracardiae congenital deformity which still defy consistently successful 
surgical correction are, in general, those which require a dry field in an open 
heart for periods longer than ean be provided by refrigeration and occlusion 
of the venae ecavae. 

The development of a pump-oxygenator apparatus to by-pass the heart 
and thus to achieve this end was first undertaken by Gibbon’ in 1937. The 
group in this laboratory has studied the problem since 1947. Report of appli- 
sation to a clinical case was made in 1951.2 In 1952 some of us reported 
metabolic and other changes associated with use of such an apparatus in dogs.” 
One of the important factors was the frequency of blood stream contamination 
with the apparatus then employed. 

The group therefore designed and constructed an improved pump-oxy- 
genator which eould be autoclaved after full assembly. During 1953 and 
early 1954 perfusions were run in dogs for evaluation of this apparatus, and 
it was concluded that air embolization was a major problem. From July 1, 
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1953, to July 1, 1954, sixty-two perfusions produced only twenty survivors. 
A return to the earlier apparatus revealed that it also frequently permitted 
air embolization, although often without lethal effect. 

Studies of Geoghegan and Lam‘ showed that air embolization to the 
coronary arteries can be reversible, but that much embolization to the cerebral 
vessels is usually lethal. This laboratory therefore concentrated on the effects 
of intracarotid air embolism and established the nature of the lesions pro- 
duced, the tolerance of dogs to varying flows, and the methods of detection 
of air embolism of degree sufficient to be lethal but not sufficient to be de- 
tected at autopsy. (Surgical Forum, Nov. 26, 1954.) 

The apparatus herein described was therefore developed to eliminate air 
embolism, and after several years of work we have evolved a safe and efficient 
technique for extracorporeal circulation. The basic premises have not changed. 
The apparatus must furnish an adequate amount of oxygenated blood under 
adequate pressure without introducing air emboli or causing hemolysis. 

During the development stage, July to October, 1954, twenty-five total 
perfusions were performed; eleven dogs survived. From Nov. 28, 1954, to 
Feb. 5, 1955, there were twenty-four total perfusions with twenty-one sur- 
vivors, the three deaths being due to other factors than the pump-oxygenator. 

An analysis of the data from dogs perfused ansuccessfully in the past 
has convineed us that there were two primary causes of death: air embolism 
during perfusion and hemorrhage during the first twelve hours after perfu- 
sion. It has been apparent from the reports of other workers that these prob- 
lems have not been peculiar to this laboratory.*” 


METHODS 


Mongrel dogs, weighing 10 to 30 kilograms, are anesthetized with intravenous pento- 
barbital sodium. The chest is opened through the bed of the right fifth rib, or occasionally 
through a long incision through both fourth intercostal spaces which transects the sternum. 
The azygos vein is ligated, and sling ligatures are placed around both venae cavae close 
to the right atrium. The right external jugular vein is exposed in the neck, and the right 
and left femoral arteries and veins are exposed at the groin. Electrocoagulation of even 
the tiniest bleeding points is essential. Two and one-half milligrams of heparin per kilo- 
gram body weight is given intravenously after all dissection has been completed. 

The method of collecting venous blood has passed through several phases. Orig- 
inally10 one cannula was passed through the azygos vein into the superior vena cava and 
a second cannula was passed through the right atrial appendage into the inferior vena 
cava. These cannulas interfered with the surgeon’s access to the heart. The second 
method used a single catheter passed centrally through one external jugular. There were 
fenestrations above and below the right atrium to drain the superior and inferior venae 
cavae. At present, separate cannulas of 5 mm. diameter polyethylene tubing are intro- 
duced via an external jugular vein into the superior vena cava and via a femoral vein 
into the inferior vena cava. Sling ligatures of umbilical tape around the superior vena 
cava, inferior vena cava, and the outflow tracts of both ventricles permit exclusion of the 
heart and lungs from the circulation. Provision of a vent in the apex of the left ventricle, 
as suggested by Gibbon,11 has permitted omission of outflow occlusion. Blood extruded 
through this vent by contraction of the left ventricle is returned by gravity to the oxy- 
genator circuit. Air will not be embolized, when the left heart has been opened, if the 
pressure in the left ventricle is thus continuously maintained below that maintained in 
the aorta by the perfusion apparatus. 
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An electromagnetically recording rotameter, patterned after that of Senning,!2 meas- 


ures the venous flow from animal to oxygenator. 

Blood is filmed on the revolving disks of the oxygenator previously described from 
this laboratory.2. Two to four disks, 50 em. in diameter made of 18 by 18 wire mesh, are 
rotated in a horizontal axis at 24 rp.m. Although oxygen containing 3 per cent CO, was 
used earlier, at present a stream of 100 per cent O, at 11 L. per minute passes through 
the oxygenator. Each disk is capable of raising the O, saturation of normal blood from 


50 per cent to 95 per cent at a rate of about 500 ¢.c. per minute. 
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Fig. 1.—Bubble trap. 
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Fiz. 2.—Modified Dale-Schuster pump. 




















The effluent from the oxygenator flows by hydrostatic pressure upward in the central 
chamber of the bubble trap (Fig. 1). Originally this chamber was filled with glass beads 
coated with Dow-Corning Anti-foam silicone, as described by Clark, Gollan, and Gupta.18 
Stainless steel scouring sponge works even more efficiently when similarly coated with 
Dow-Corning Anti-foam. Blood overflows from the top of the column into the outer 
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jacket, which serves as a reservoir, and it is led off at the bottom to the pumps. The 
bubble trap not only removes air bubbles but is also important in straining out strands 
of fibrin, should they develop. 

The pumps (Fig. 2) are modified Dale-Schuster pumps'!4 which are driven by com- 
pressed air. The pumping system which has been evolved is entirely self-regulating and 
depends for filling only on gravity. This has two important corollaries: 

1. Gravity filling eliminates the negative pressure phase in the pumping cycle which 
was demonstrated to cause leakage of atmospheric air, through the walls of tubing which 
were apparently intact, into the blood stream, and which could cause effervescence of dis- 
solved oxygen or nitrogen from the blood. 

2. Each pumping cycle can be initiated only by gravity filling of the pump cham- 
ber, thus elminating the possibility of aspiration of gas from the oxygenator. This latter 
feature is demonstrated in Fig. 2. As the pump fills, the rubber diaphragm descends and 
trips a mereury switch. This causes current to flow to a solenoid valve,* which permits 
compressed air, at 8 to 10 pounds per square inch, to enter the space beneath the rubber 
diaphragm and to force the blood into the arterial circulation. In practice, only one of a 
pair of pumps is equipped with a mercury switch; the other pump works passively from 
a separate solenoid, which permits compressed air to pass when the circuit is broken. 

It became apparent that opaque pump heads and opaque tubing permitted consider- 
able amounts of air to be embolized into the arterial circulation without our having been 
aware of it. By reconstructing the pumps so that each pump head is made of methacry- 
late plastic, which is both transparent and on top of rather than beneath the blood in the 
pump, and by utilizing transparent polyethylene or polyvinyl tubing, we have made every 
part of the pumping system available for constant inspection. Blood is recirculated 
through a shunt from the arterial to the venous segment of the extracorporeal circuit to 
accomplish complete elimination of bubbles before perfusion of the subject begins. Oxy- 
genated blood is returned by a cannula pointing centrally in one femoral artery. 

In most animals it is possible to bring the clotting time back to normal by slowly 
giving the titrated amount of protamine, diluted with glucose or saline solution, intra- 
venously. Too rapid administration of protamine results in temporary hypotension and 
a marked increase in capillary oozing from the wound. The correct dose of protamine is 
calculated from a heparin-protamine titration’6 at the end of perfusion. Supplemental 
amounts of protamine are given if the need is demonstrated by the routinely repeated 
protamine titrations at hourly intervals. 

A transfusion of fresh whole blood, amounting to one-third the estimated blood vol- 
ume, is given by transference in siliconized syringes without anticoagulants. 

Chemical sterilization with 10 per cent formaldehyde solution has proved adequate 
for the pumps and tubing. The oxygenator is autoclaved. The entire system is primed 
with about 1,000 ¢.c. of heparinized blood (50 mg. heparin per liter). 


RESULTS 


For purposes of comparison, the results have been divided into three 
gsroups which roughly parallel major changes in the apparatus and in tech- 
niques. 

(A) Between July 1, 1953, and July 1, 1954, total by-pass of the heart 
was performed in sixty-two animals with twenty survivors. Several of these 
animals succumbed because of errors in surgical technique, but many died from 
air embolism or bleeding following perfusion. These animals were perfused 
with the apparatus, previously described from this laboratory,? which had one 
pair of Dale-Schuster pumps for suction on the venous side and a second pair 
on the arterial side, and no bubble trap or filter. 


*Asco Model 83143—-The Automatic Switch Company, Irvington, New Jersey. 
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(B) Between July and November, 1954, a re-evaluation of the previous 
failures led to simplification of the apparatus to bare essentials: gravity 
drainage of venous blood, a bubble trap, and pumps which were governed en- 
The use of citrated blood for transfusion was aban- 





tirely by veious return. 





doned. There were twenty-five dogs with eleven survivors. The cause of I 
death was air embolization in three dogs, hemorrhage in ten, and pneumothorax i 
in one. 
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Fig. 3.—Diagram of perfusion apparatus. 


(C) Between Dee. 1, 1954, and Jan. 30, 1955, twenty-four dogs were per- 
*fused and twenty-one survived. The three deaths were caused by factors not 
attributable to apparatus failure. One animal died because the blood re- 
mained ineoagulable after heparin had been neutralized with protamine, an- 
other aspirated gastrie contents during anesthesia, and the third had massive 
intussuseeption of the small bowel associated with ascaris infestation. 

The average flow rate during perfusion was 700 ml. per minute, with 
minimum of 375 ml. per minute in one animal, and a little over 1,200 ml. per 
minute in another. On a body weight basis, the flow rates were 36 ml. per 

kilogram per minute. 
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Arterial saturations during perfusion averaged 92 per cent. The arterial 
CO, fell 30 to 50 per cent below control values. This respiratory alkalosis 
partially counterbalanced the metabolic acidosis which all animals showed to 


some degree. 

The oxygenator in the last two series of animals was allowed to remain 
at room temperature. This resulted in mild hypothermia; the average con- 
trol rectal temperature was 39° C. and the average temperature after thirty 
minutes of perfusion was 33° C. 

One patient was maintained on partial perfusion for four hours, and her 
history is of interest.* 


Mrs. 8. H., a 59-year-old housewife with known rheumatic heart disease for many 
years, was hospitalized at Kings County Hospital in May, 1954, with symptoms of dysp- 
nea, orthopnea, ankle edema, and increasing fullness of the abdomen. Physical examina- 
tion revealed a chronically ill woman who could not recline below an angle of forty-five 
degrees. The pulse was irregularly irregular with a rate of 70-90; blood pressure 140/80. 
Characteristic murmurs could be heard for mitral stenosis and insufficiency, aortic stenosis 
and insufficiency, and tricuspid insufficiency. Moist rales were present over both lungs. 
The liver was enlarged and tender. The abdomen showed ascites. Pitting edema of both 
lower extremities extended above the knees. 

She was treated with digitalis, bed rest, salt restriction, and mercurial diuretics. 
Six months in the hospital with close medical supervision did not free her of signs and 
symptoms of heart failure. 

On Nov. 1, 1954, she was connected to the perfusion apparatus, under sterile con- 
ditions, in the operating room. A 5 mm. polyethylene tube was inserted into the left 
greater saphenous vein at the fossa ovalis for withdrawal of blood from the inferior vena 
cava, and a 2 mm. stainless steel cannula was inserted centrally into the left brachial 
artery for return of oxygenated blood. 

Perfusion was carried out for four hours at a rate which varied from 500 to 800 ml. 
per minute. The blood pressure fell from the preoperative level of 150/100 to 70/50, and 
then remained level at about 90 systolic. Some difficulty was experienced from severe 
shivering as her oral temperature fell to 31.5° C. This was controlled by warming the 
oxygenator until her temperature rose to about 34.5° C. and by analgesia with nitrous oxide 
and oxygen. 

By the end of the first hour, distention of the neck veins had disappeared and pul- 
monary rales could no longer be heard. When she returned to her room, she was able to 
lie nearly flat in bed for the first time in six months. There were no neurological sequelae 
and no personality changes. A chest x-ray showed resorption of the hydrothorax which had 
been present. 

Her clinical improvement lasted about ten days, and then her course was progres- 


sively downhill. 
DISCUSSION 


This patient is included because her problem represents one of the ways 
in which the apparatus can serve. It is obvious that external support for a 
failing cireulation or acute pulmonary embarrassment (as from pulmonary 
edema produced by irritant gases) would be valuable. The failing circulation 
might result from myocardial infarction, or chronic valvular disease. 


*We are indebted to Dr. William Dock and Dr. John F. Kelly of the Department of 
Medicine for their collaboration in treating this patient. 
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The marked temporary improvement in this one patient strongly suggests 
that the poor-risk patient with mitral stenosis might be treated by support of 
the circulation by the machine for several hours. After pulmonary edema has 
cleared, mitral valvulotomy could perhaps then be performed relatively easily. 
Theoretically, it should be possible to convert a Class IV patient with prob- 
able operative mortality of 40 per cent to a Class III patient who would run 
only a 5 to 10 per cent risk. Appropriate cases are being sought. 

In this apparatus with multiple wettable surfaces, two problems arise: 
Fibrin formation and hemolysis. If the apparatus is to be used for partial 
support of the circulation for several hours, one can avoid excessive deposi- 
tion of fibrin by maintaining the heparin level at 75 to 90 ug per milliliter of 
circulating blood (determined by protamine titration). In a 20 kilogram dog 
this requires a dose of heparin of 5 mg. per kilogram of body weight plus 100 
mg. per liter of blood used to prime the machine. However, if perfusion is 
to be earried out for less than one hour, then a dose of 2.0 to 2.5 mg. of heparin 
per kilogram of dog, and 50 mg. of heparin per liter of blood used to prime 
the machine, is adequate. The usual postperfusion heparin level is then 30 to 
50 pg per milliliter. These estimates of dosage and results are based upon 
detailed protamine titration data from 112 perfusions. 

Hemolysis is not a problem. One hour of perfusion produces an average 
concentration of 50 mg. of free hemoglobin per 100 ml. of plasma, Even after 
twenty-four hours of partial perfusion, the level is only 96 mg. per cent, which 
from the work of Flink’’ is not high enough to initiate renal damage. 

The major problem, that of hemorrhage, has been more difficult to re- 
solve. The drawn blood of an occasional animal, after neutralization of the 
administered heparin by caleulated amounts of protamine, forms fragile blood 
clots or no clots at all. Whether this is due to a fibrinolysin, to conversion of 
plasminogen to plasmin, to prothrombin deficiency, or to some other factor, 
has not been clear. Empirically, we have found that a transfusion of about 
one-third of the estimated blood volume in the form of fresh whole blood im- 
mediately after perfusion, will furnish any necessary clotting factors and 
cover any postoperative blood loss. Our losses seem to be greater than those 
of Gibbon’? or of Gollan.* 

Several metabolic problems have been investigated in the perfused dogs 
and will be discussed in a separate paper. 


SUMMARY 


1. A consistently successful method of exclusion of heart and lungs from 
the circulation of dogs for one-half-hour periods has been presented. Only 
the bronchial and coronary arterial circulations are undisturbed during per- 
fusion. 

2. Partial support of the circulation for four hours in a patient with post- 
rheumatic trivalvular heart disease was followed by disappearance of signs 
of pulmonary edema and hydrothorax and by marked decrease in dyspnea and 


orthopnea, 
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TOLERANCE OF TEMPORARY OCCLUSION OF THE THORACIC AORTA 
IN NORMOTHERMIC AND HYPOTHERMIC DOGS* 
WituiAm M. Parkins, PH.D., Max Ben, Pu.D., AND Harry M. Vars, PH.D., 
PHILADELPHIA, PA. 


(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania) 


INTRODUCTION 


EMPORARY oecelusion of the thoracic aorta, if prolonged beyond thirty 

minutes, has long been known to eause paralysis of the posterior extremities, 
shock, and death.” * 5% 11) 1%, 14, 16, 18,20 Paralysis in patients following sur- 
gery of the aorta and in dogs after experimental occlusion has been attributed 
to degenerative alterations of the spinal cord resulting from temporary 
anoxia.* * " Although the cause of death in this shocklike state is not clearly 
understood, the reduced blood flow and resulting anoxia to the visceral organs 
are assumed to be a major factor in the morbidity and mortality. 

Since the tissue demand for oxygen is reduced by cooling,* *° hypothermia 
should be of value in protection against the anoxial damage of ischemic shock 
induced by occlusion of the thoracic aorta. Pontius and associates*® have re- 
ported that hypothermia was highly effective in the prevention of paraplegia 
following high, temporary aortie occlusion but was of little influence upon 
the survival rate in dogs. Our work in progress at the time of the aforemen- 
tioned publication essentially confirms this report in that surviving nor- 
mothermie dogs occluded at the thoracic aorta in the region of the eighth to 
tenth intravertebral spaces for one hour were paralyzed. In contrast, the sur- 
viving hypothermie animals exhibited no paralysis. 

Our data upon ischemic shock suggest that more emphasis should be 
placed upon the degree of hypothermia employed. In earlier experiments, 
cooling dogs externally (erushed ice pack) to a rectal temperature of 30° C. 
was ineffective in protecting the life of the animals. The survival rate was 
the same as in the normothermic controls. Similar results were obtained using 
internal blood cooling to a rectal temperature of 30° C. When the rectal 
temperature was lowered still further to about 24° C., a slight improvement 
in the morbidity and survival rate was noted. 

The hazard of cardiac arrest or fibrillation increases when body tempera- 
tures are lowered below 25° C. (rectal). To avoid this difficulty and to study 
the effect of hypothermia on various organs at low temperatures, differential 
hypothermia was attempted. Previous work" revealed that the brain could 
106s. Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 

*This work was supported in part by Contract DA-49-007-MD-511 between the Depart- 
ment of the Army and the University of Pennsylvania. 
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be protected from anoxial damage resulting from a thirty-minute total inter- 
ruption of the circulation by selective cooling of this organ to 20° C. When 
the occlusion time was increased beyond thirty minutes, a shocklike state de- 
veloped, and death usually occurred within twenty-four hours. It therefore 
seemed not improbable that some other vital organ, for example, liver and/or 
the small intestine, was involved in the shock syndrome and subsequent deaths. 
Hughes’? and Edwards and co-workers’? have suggested the use of an 
intra-aortic tamponade by an inflatable catheter in the control of extensive 
abdominal hemorrhage resulting from injury to the viscera. Edwards and 
associates’® raised an objection to this method for the control of hemorrhage. 
They observed that the procedure frequently resulted in irreversible shock. 


Intra-abdominal cooling of the visceral organs has been employed by 
other investigators. Allen' has investigated the use of iced saline solution 
intra-abdominally in preventing anoxial damage to the viscera during inter- 
ruption of the visceral circulation. Bureh and co-workers® and Kjellgren’ 
have induced hypothermia by placing cooling coils within the abdominal 
cavity. 

The present studies were made to determine the effectiveness of hypo- 
thermia in the prevention of anoxial damage resulting from temporary oc- 
clusion of the thoracic aorta. Such data may more clearly define the degree 
of hypothermia necessary for visceral protection following serious trauma or 
during the operative procedures upon major blood vessels. It is hoped to de- 
fine more clearly the interrelationships between the liver and small intestine 
and their roles in determining morbidity or mortality following occlusions or 
deficiencies in the circulation. 


METHOD AND PROCEDURE 


Healthy, adult dogs were anesthetized lightly with pentobarbital sodium (25 mg. 
per kilogram of body weight) and subsequently heparinized when indicated. The carotid 
artery and jugular vein were catheterized to establish a carotid-jugular shunt and to ob- 
tain central blood pressures using a mercury manometer. A polyethylene catheter was in- 
serted into the superior vena cava for blood sampling, supplementary Nembutal injec- 
tions, and fluid administration. Blood pressure distal to the occlusion was measured by 
a catheter inserted through the right femoral artery to a point just distal to the bifurca- 
tion of the abdominal aorta. 

A balloon catheter was constructed having a latex balloon that inflates laterally 
about 1.0 em. proximal to the tip of a 15-inch-iong (1.5 mm. outside diameter) polyviny! 
catheter. The catheter was made semirigid by heat-hardening to prevent drift of the 
balloon during inflation, that is, as the blood pressure rises central to and drops distal 
to the occlusion. 

The balloon catheters were introduced through the left femoral artery and _posi- 
tioned at the thoracic aorta in the region of the eighth to tenth intravertebral spaces 
by measurement of insertion length from the inguinal ligament. The balloon was in- 
flated by injecting saline solution through the catheter into the balloon. A reduction of 
the mean blood pressure to about 12 to 16 mm. Hg was characteristic of the eighth to 
tenth thoracic position, as shown by previous work* completed in this laboratory. All 
occlusions mentioned in this study were made at this standard position. 


*Unpublished data, 
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An endotracheal tube was inserted, and artificial respiration was employed as 
required, 

Surface cooling was earried out by packing the body of the dog in crushed ice 
confined by a plastie sheet. 

In animals cooled by blood refrigeration, cooling was accomplished by placing a 
15-foot polyvinyl (carotid-jugular shunt) coil into a constant temperature ice bath. The 
capacity of the coil was 35 ml. of blood. 

The procedure employed in rapid, direct cooling of the viscera entailed opening the 
abdomen, placing of thermocouples in the liver and duodenum, and filling the abdominal 
cavity with iced saline solution (5° C.). The saline solution was recirculated through a 
polyvinyl coil immersed in a constant temperature ice bath. Within one-half hour after 
release of the aortie occlusion approximately one-half of the initial saline volume was 
withdrawn. Unless otherwise noted, cooling was begun within three to ten minutes prior 
to occlusion of the circulation. In the control experiments for this procedure the tem- 
perature of the saline solution was maintained at 37° C. by placing a coil in a constant 
temperature bath. Rectal temperatures were recorded from a mercury thermometer 
inserted 10 em. into the rectum. 

The hypothermic animals were rewarmed slowly to 54° to 35° C. within two to 
three hours by forced air heat directed under the dog. 


RESULTS 

Tolerance of the Normothermic Dog to Balloon Catheter Occlusion.—Hight 

of ten dogs survived twenty-four hours or more following occlusion of the 

thoracie aorta central to the celiae axis (eighth to tenth thoracic) for thirty 

minutes (Table 1). On inereasing the occlusion time to one hour, four of ten 

survived, while a two-hour occlusion resulted in the death of all of five dogs. 

In the animals which survived thirty minutes of severe hypotension, four of 

eight were paralyzed in the hind quarters. All the dogs that survived one 
hour’s occlusion had paralysis of the hind quarters. 


TABLE I. TEMPORARY OCCLUSION OF THE THORACIC AORTA (EIGHTH TO TENTH) IN NORMO- 
THERMIC DoGs 
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Whenever an abundant discharge of mucus and blood from the reetum 
was noted, the prognosis was grave. This was also true in animals exhibiting 
severe hypotension. Hemoconcentration occurred after releasing the ocelu- 
sion. The degree of hemoconcentration was usually related to the length of 
time the ischemie condition had persisted. 

Generalized Hypothermia—Surface Cooling by Crushed Ice.—The blood 
pressure levels during one hour’s occlusion of the thoracic aorta (eighth to 
tenth thoracic) were slightly higher than in the normothermic controls. No 
hemoconeentration oceurred during occlusion other than that observed from 
cooling. However, a sharp rise in hematocrit occurred following release of 
the obstruction. The blood pressure response was quite similar to that of the 
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controls. These dogs lived longer than their control normothermie animals 
with only two of the five surviving. Three dogs died between eight and twenty 
hours (Table II). 


TABLE II. TEMPORARY OCCLUSION OF THE THORACIC AuRTA (E1gurH to TENTH) 1N HyPo- 
THERMIC DOGS 
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*One animal died between 72 and 96 hours. 


Paralysis, thought to be due to anoxial damage of the spinal cord, did 
not occur in this hypothermic group. 

Generalized Hypothermia—Internal Cooling by Blood Refrigeration.—Two 
of five animals cooled to a rectal temperature of 30° C. by a earotid-jugular 
shunt immersed in an ice bath survived one hour of aortie occlusion (eighth 
to tenth thoracic) without spinal cord damage (Table II). One of the two 
survivals was in excellent condition at the end of the seventy-two-hour obser- 
vation period. The other animal at seventy-two hours was alert, eating well, 
but had some weakness in the hind limbs. The three remaining animals died be- 
tween three and twenty-four hours after release of the aortic occlusion. They 
all had exhibited hemoconeentration, hypotension, and bloody diarrhea. 

In another experiment eleven dogs were cooled extracorporally to 24° 
to 26° C. (rectal). When this temperature was reached, the aorta was oc- 
cluded for one hour. Seven of these animals survived in excellent condition 
and had no observable paralysis. Three of the four dogs which died passed 
a large amount of mucus with some hemoconcentration at the end of the three- 
hour observational period. 

Differential Hypothermia by Rapid, Direct Cooling of the Viscera.—Four-. 
teen animals were subjected to rapid, direct visceral hypothermia and occluded 
for one and two hours (Table III). Four animals were cooled and occluded for 
one hour. The duodenal temperature during the occlusion averaged 21° C., 
rectal temperature 26° C., and liver temperature 28° C. These animals 
survived in excellent condition with no evidence of paraplegia. Both hemo- 
concentration and hypotension were minimal after release of the aortic occlusion. 

We have been able to prevent the death of five of six dogs, obstructed for two 
hours, by submersion of the viscera in cold saline solution. Of two dogs 
cooled to an average duodenal temperature of 20° C., one died within three 
hours after release of aortic obstruction. The surviving dog had little hemo- 
concentration or hypotension, although paraplegic. This paraplegic dog, dur- 
ing occlusion, had an average rectal temperature of 32° C. Severe hemocon- 
centration and hypotension occurred in the dog dying within three hours. No 
blood or mucus was passed from the rectum in these two dogs. 
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Three dogs were cooled to an average duodenal temperature of 15° C., 
reetal 24° C., and liver 22° C. In one animal the duoacnum was cooled to an 
average temperature of 10° C., rectal 14° C., and liver 28° C. At the end of 
the three-hour observation period this animal had only slight hemoconcentra- 
tion and normal blood pressure. <All these animals survived in exceilent con- 
dition and were not paraplegic. 
TABLE LIT, DIFFERENTIAL COOLING OF THE VISCERA AND Bopy MASS WITH TEMPORARY 


OCCLUSION OF THE THORACIC AORTA (EIGHTH TO TENTH) 











OCCLU- | NO, LIVING: 








| 
SION | AVERAGE TEMPERATURE °C. HR, AFTER RELEASE NO. 
TIME DURING OCCLUSION NO. OF OF OCCLUSION PARA- 
( HR. ) LIVER RECTUM | DUODENUM bogs | 24 48 72 PLEGIC 
l 28 26 21 4 4 4 4 0 
2 26 28* 20 2 l l l ] 
2 22 24 15 3 3 3 3 0) 
2 28 14 10 l l l 1 0 
Delayed cooling until 15 minutes after occlusion 
2 _ 24 15 + 4 4 4 2t 





*Paralyzed animal’s average rectal temperature 32° C. 
fOne animal was not paralyzed until 8 days after occlusion. 


(Cooling was not begun in four animals obstructed for two hours until fif- 
teen minutes after aortic occlusion (Table Ill). The average rectal temper- 
ature of the four dogs was 24° C., with an average duodenal temperature of 
15° C. All animals survived, and two became paraplegic. In one of the para- 
plegiec animals, paralysis did not develop until eight days after occlusion. 
Hfemoconeentration was present in all animals. The postocclusion hypotension 
varied from slight to moderate. Blood-tinged feces were observed in two of 
the animals (one of which was paralyzed at the end of twenty-four hours). 
TABLE IV. TEMPORARY OCCLUSION OF THE THORACIC AORTA (EIGHTH TO TENTH) IN NORMO 


THERMIC DoGS WITH IMMERSION OF THE VISCERA IN ISOTONIC SALINE SOLUTION 








NO, LIVING: 
HR. AFTER RELEASE | 








| 
| 
} 
| 
OCCLUSION TIME NO. OF | ores... S 








OF OCCLUSION ~ = NO. PARA- 
(HR. ) DOGS 24 | 48 72 | PLEGIC 
= i 4 3 3 3* 2 —_ 
2 5 0 0 0 - 





*One animal died approximately 76 hours after release of occlusion. _ 


9r0 


Normothermic Dogs—Intra-abdominal Saline Solution Maintained at 37 
C.—In this control, normothermic series occlusion intervals of one and two 
hours were studied (Table IV.). The saline solution was introduced and 
maintained at 37° C. by cireulation through a warm, constant temperature 
bath. Of four dogs subjected to a one-hour occlusion, two survived, while one 
died approximately seventy-six hours after release of the aortic obstruction, 
and one succumbed within the three-hour observation period following the oe- 
clusion. Paraplegia was present in one of the two survivors and also in the 
animal that expired in approximately seventy-six hours. Hemoconcentration 
and hypotension were more severe in those that died than in the survivors. 





¥ 

x 
‘ 
5 











Volume - TOLERANCE OF TEMPORARY OCCLUSION OF THORACIC AORTA 43 


Number 


Bloody discharge was absent only in the surviving nonparaplegic dog. In the 
two animals that died, mucus was passed from the rectum, being profuse in 
the one expiring within three hours after the release of aortic obstruction. 

Ischemic shock produced by occlusion of the thoracic aorta for two hours 
was fatal in every instance (five of five animals). Three of five animals died 
within three hours after release of the occlusion and the other two in approxi- 
mately six hours. Hemoconcentration was present in all animals. Severe 
hypotension after release of the obstruction was observed in the three dogs 
dying within the three-hour observation period. The blood pressure in the 
two remaining animals had a downward trend at the time the animals were 
placed in their cages. These dogs expired within twenty-four hours. A 
bloody, fluid discharge from the rectum was observed in each animal. 


DISCUSSION 


In hemorrhagic hypotensive shock the failure of the animal is associated 
with both a hypovolemia and a decrease in oxygen supply to the tissues. 
Plasma expanders or whole blood may adequately restore volume but has lit- 
tle corrective value once the anoxial damage to vital organs has occurred. 

It has been appropriate to investigate ischemic shock produced by tempo- 
rary occlusions of the thoracic aorta. In this situation a shocklike syndrome 
is initiated by a local redistribution of blood flow and oxygen supply to spe- 
cific organs rather than by a reduction of total blood volume. With such a 
technique it has been possible to investigate, to a degree, the relative roles of 
the liver and small intestine in the development of morbidity and mortality 
resulting from such procedures. 

Hypothermia is a known means of reducing tissue oxygen requirements. 
Its use in the prevention of anoxic damage in shocklike states has been investi- 
gated in only a limited manner. Evidence would indicate that specific organs 
vary as to their susceptibility to oxygen lack. It would not be surprising that 
the degree of hypothermia necessary to protect against anoxial damage will 
vary with the individual organ. 

The sequelae of events usually observed in normothermic animals in ische- 
mie shock were severe hypotension, volume loss into the lumen of the viscera, 
severe hemoconcentration, mucus discharge and blood diarrhea, and paralysis 
of the hind quarters. 

In surviving hypothermic dogs this syndrome was minimal. However, 
in the failing animals one still observed failure in the integrity of the intestine. 
Hypotension, bloody diarrhea, and so forth, were almost uniformly present in 
animals that succumbed. 

Generalized hypothermia is limited in degree by the increased irritability 
of the heart at temperatures below 25° C. The value of still lower temper- 
atures for specific organs is evident in the results obtained by differentially 
cooling the brain.’ Animals dying following periods of more than thirty min- 
utes of total circulatory occlusion also evidenced profound changes in the 
intestine, that is, hemorrhages into the lumen of the bowel and bloody diar- 


rhea. 
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It had been observed earlier that duodenal temperatures did not parallel 
rectal temperatures when either type of generalized procedures was em- 
ployed. Specific cooling of the viscera, especially the small intestine, was ac- 
complished by filling the abdomen with cold saline solution. In this manner 
a greater degree of cooling of this organ was readily effected. Cooling oc- 
curred rapidly and directly and could be varied relative to the rest of the 
body mass over a rather wide range. 

When temperatures of the small intestine were reduced to less than 20° 
(., animals readily withstood a two-hour period of aortic occlusion. Bloody 
diarrhea or mucus sloughing was minimal or not present at all in the surviving 
animals. 

Emphasis has been placed here upon the changes observable as the result 
of alterations in the integrity of the intestine. However, the liver should also 
be considered in the development of the ischemic shock following aortic oc- 
clusion. 

Arterialization of the liver via a earotid artery—spleniec vein shunt was 
unsuccessful in protecting four of five animals from a one-hour aortic ocelu- 
sion. When blood passing through this shunt was refrigerated, the liver was 
preferentially cooled to 18 to 20° C., while the body mass was reduced to 
about 30° C. Only two of four dogs survived over seventy-two hours follow- 
ing the same aortie obstruction.* While the hepatic circulation cannot be 
considered to be entirely normal in these circumstances, arterialization cer- 
tainly must have greatly increased the oxygen supply to this organ. Also, 
reducing the temperature of the liver to 20° C. or less was insufficient to af- 
ford the same degree of protection obtained with direct visceral cooling. In 
the latter situation hepatic temperatures (Table III) even higher than 20° ©. 
were obtained. Such animals were adequately protected during a two-hour 
period of aortic occlusion when the temperature of the duodenum was reduced 
below 20° C, 

These data indicate that lower levels of hypothermia are required to pro- 
tect the small intestine against irreparable damage of ischemic shock than 
are necessary for the liver. 


SUMMARY 


Temporary occlusion of the thoracic aorta by a balloon catheter in the 
region of the eighth to tenth intravertebral spaces has been studied in nor- 
mothermie and in hypothermic dogs. In the normothermie series eight of ten 
dogs survived following a thirty-minute occlusion; four survivors were para- 
lyzed. Four of ten dogs survived after one hour of aortie occlusion; all sur- 
vivors were paralyzed. No normothermie animals survived following two 
hours of occlusion. 

Three methods were used to induce hypothermia: surface cooling, blood 
cooling, and visceral cooling. Two of five dogs, surface cooled to a rectal 
temperature of 30° C., survived following one hour of aortic occlusion. Cooled 





*Unpublished data. 
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by blood refrigeration to the same rectal temperature (30° C.), two of five 
dogs survived after a one-hour occlusion. Cooled by this latter method to a 
rectal temperature of 24° to 26° C., seven of eleven dogs survived after one 
hour of occlusion. None of these hypothermic animals was paralyzed. 

Using rapid, direct cooling of the viscera with iced saline solution (duo- 
denum 21° ©.), all of four animals survived following a one-hour occlusion ; 
none was paralyzed. Five of six dogs survived after a two-hour occlusion 
when duodenal temperatures were lowered to 10° to 20° (.; one dog became 
paralyzed. 

our dogs were studied in which eooling of the viscera (duodenum 15° 
(‘.) was delayed for fifteen minutes after the initiation of a two-hour aorti¢ 
occlusion. All dogs survived ; two developed hind-quarter paralysis. 

As a further normothermic control for the visceral cooling experiments, 
57° saline solution was substituted for the iced saline solution. In comparison 
with other normothermic dogs, slight improvement in survival was indicated 
following the one-hour occlusion. However, as in other normothermic con- 
trols, no dog survived a two-hour period of occlusion of the thoracic aorta. 
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Rhoads for their interest and helpful suggestions during the progress of these studies. We 
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DISCUSSION 

DR. BEN EISEMAN (Denver, Colo.).—I want to discuss one aspect of Dr. Parkins’ 
interesting paper, namely, the occurrence of paraplegia following cross-clamping and 
resection of nonobstructing lesions of the aorta under hypothermia anesthesia. Dr. 
*arkins’ findings in dogs are similar to those of Dr. Owens working in our laboratory as 
to the tolerance of cross-clamping with and without hypothermia. 

In resecting human aortas we have, however, found great individual variation to 
ischemic cord damage, depending somewhat, we believe, on the level of occlusion and the 
number of segmental vessels sacrificed in removing the aortie lesion. We believe we have 
an anatomic explanation for these facts. 

(Slide.) This slide represents diagrammatically the blood supply of the cord, which 
is almost solely derived from the anterior spinal artery, This artery, in turn, is formed 
by only eight unilateral, variably placed, segmental vessels that reach the anterior aspect 
of the cord and branch into an ascending and a descending portion. 

Although the exact level of these nourishing segmental branches is variable, four 
of the eight vital arteries are usually in the cervical region and another branch at approxi- 
mately the third thoracic intravertebral space. This leaves the rest of the cord with three 
nutrient vessels usually located at approximately the fifth and tenth thoracic and the second 
lumbar and a very small vessel at the fourth lumbar intravertebral spaces. 

It is clear that this anatomic arrangement leaves a long segment between the fifth and 
tenth intravertebral spaces with a precarious arterial supply. Neurologists have recognized 
this for a long time and have pointed out that this is the cord level where degenerative 
lesions often occur. The surgical implications of these anatomic facts, we believe, are clear 
but discouraging, 

First: In resecting nonobstructive lesions of the aorta the surgeon cannot depend on 
the preservation of any one segmental artery to furnish the vascular supply of the cord. 
Individual anatomic variation is too great. 

Second: The number and level of the ligated segmented vessels, as well as the total 
time of aortie occlusion, are of importance in the production of ischemic cord damage in man. 

Third: If the preservation of segmental vessels is of importance, as we seem to think, 
various types of temporary vascular shunts may be of limited value in avoiding cord damage. 

Fourth: The lower thoracic aorta and cord may be the most vulnerable area for 
aortic resection and graft replacement, particularly if the upper lumbar vessels must be 
sacrificed. 

DR. JONATHAN E, RHOADS (Philadelphia, Pa.).—I have been interested in the 
work which Dr. Parkins has reported from the standpoint of the questions which it raises 
about the pathogenesis of shock. It is of interest that, by cooling the intestine, more seems 
to have been accomplished to prevent fatal shock than by cooling the liver to an equivalent 
umount by direct perfusion. Thus, the beneficial effects could not be explained by the lower- 
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ing of the hepatic temperature alone. The hypothesis which immediately occurs to me is that 
this effect may be mediated by either bacterial factors or alimentary enzymes which are 
present in the intestinal tract. 

Many people have implicated bacteria in shock, particularly in irreversible shock. 1 
believe a number of years ago, Dr. Joseph Aub advanced this explanation in shock in experi- 
mental animals. Dr. Jacob Fine has published data on the use of antibiotics, particularly 
those given enterally into the alimentary tract, in decreasing the mortality in hypotensive 
shock, Dr. Isidore Cohn, of New Orleans, has been interested in the development of shock 
from strangulated closed-end intestinal loops and has found that antibiotics prolong life in 
this condition. This background lends added interest to the findings of Dr, Parkins and his 
associates that the effect of cooling the intestine was more beneficial under the conditions of 
their experiments than the effect of cooling the liver alone, 

DR. W. M. PARKINS (Closing ).—I want to thank Dr. Eiseman and Dr. Rhoads for their 
comments. In our preliminary experiments with these balloon cathethers, we found that the 
lowest pressure distal to the occlusion was obtained when the balloon occluded the aorta be- 
tween the eighth and the tenth thoracic intravertebral spaces. For this reason we utilized 
this level of occlusion for producing experimental shock. 

















SUCCESSFUL MANAGEMENT OF OBSTRUCTIVE FEMORAL 
ARTERIOSCLEROSIS BY ENDARTERECTOMY 
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(From the Department of Surgery, University of California at Los Angeles, and the 
Wadsworth General Hospital, U. S. Veterans Administration Center, Los Angeles) 


T IS the purpose of this paper to present favorable experience with the use 
| of endarterectomy in the treatment of arteriosclerotic occlusive disease of 
the femoral artery and to describe the use of a semiclosed technique of 
endarterectomy which saves considerable operating time. 

Arterioselerotie peripheral vascular disease has received increasing at- 
tention since the reports of dos Santos! and Leriche? in Europe and Wylie® 
in this country appeared, indicating that direct surgery in this condition is 
both feasible and gratifying. In spite of persuasive arguments to the econ- 
trary, which frequently appear in the literature, it has become increasingly 
apparent to us that in this disease treatment of the ischemic extremity by 
lumbar sympathectomy is unsatisfactory in producing significant relief of 
symptoms. In our opinion the exact degree to which the onset of gangrene 
is postponed by the variable degree of cutaneous vasodilatation, which some- 
times follows sympathectomy, is still to be determined. On the other hand, 
it has been our experience that the benefits derived from successful endartereec- 
tomy far exceed those of ‘‘successful’’ sympathectomy in the treatment of 
the arteriosclerotie ischemic extremity. 

In the direct surgery of arteriosclerosis, the trend in this country is now 
toward the use of freeze-dried homostatie arterial grafts rather than the 
restoration of the function of the living artery by removal of the extraneous 
cholesterol plaques and secondary blood clot, as is practiced in endarteree- 
tomy. The use of arterial homografts requires the work and cooperation of 
many people in order that a stock supply of preserved vessels can be made 
available. Our souree of such a supply has been limited; consequently, we 
have chosen to explore the limits of endarterectomy.‘ Our experience with 
endarterectomy appears to be at least as favorable as the experience reported 
hy others’ using homografts in the treatment of femoral arteriosclerotie 
obliterative disease. Because this disease in the lower third of the superficial 
femoral artery and popliteal artery is so common, and our experience with 
the treatment of disease in this segment of the arterial tree has been gratify- 
ing, the following techniques and results are being reported. 
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The majority of our patients have been men betweer the ages of 55 and 
60 complaining of intermittent claudication in one leg on walking a relatively 
short distance. Some have complained of more severe ischemic changes such 
as pain at rest, coldness, areas of gangrene, usually of one or more toes, or 
in a few instances, acute ischemia. A few of the patients have been diabetic. 
All have shown absence of popliteal pulsation in the affected extremity. 

It has been our policy to screen patients for evidence of arteriosclerotic 
disease elsewhere, for example, in the brain, heart, or kidneys, and to per- 
form arteriography (either aortography or femoral arteriography) in order 
to determine at least the upper level of the obstruction and, if possible, its 
distal extent. Arteriosclerosis is notoriously a patchy disease. It tends to 
start in larger vessels in the vicinity of a major branch and to spread cen- 
trifugally. A totally obstructing lesion at a given level is characteristically 
by-passed by collateral circulation to the next major branch, where circula- 
tion through the main arterial tree is resumed. The direct surgical approach 
can be expected to be beneficial only in those instances where an obstruction 
exists in a vessel which is large enough to be handled technically, and which 
distally joins a patent arterial tree. Our main criterion in selecting favorable 
eases has, therefore, been the presence of a patent distal arterial tree. If 
aortography or femoral arteriography has not shown filling in the major ves- 
sel distal to the obstruction, it has been our policy to explore the popliteal 
artery directly, and perform a second arteriogram on it at surgery. Patency 
in the distal vessels has been frequently demonstrated by this method pre- 
viously reported by Barker.’ Endarterectomy is then performed and cireula- 


tion restored. 
RESULTS 


Our patients may be divided into two main groups. The first consists of 
those patients who showed patency of the popliteal artery and at least one 
of its branches either on primary arteriography or on exploration and _ see- 
ondary popliteal arteriography. The proximal limit of the obstruetion is 
not necessarily a factor in determining favorability, for in some patients who 
had excellent results this limit began in the terminal aorta or common iliae 
artery. The second group consists of those patients who, on arteriography, 
showed obstruction of the distal popliteal artery and all three of its major 
branches as well. These patients have usually demonstrated serious signs and 
symptoms such as impending gangrene of the leg and foot, gangrenous toes, 
ischemic ulcerations, or rest pain. Distal arteriography in these cases in- 
dicated that circulation to the leg consisted of collateral circulation only. 
Endarterectomy was applied to certain of these patients in the desperate hope 
of saving the extremity. The results have been poor percentagewise, but it 
has been our feeling that the possibility of salvaging even an oceasional ex- 
tremity justifies considerable expenditure of time, effort, and money, pro- 
vided the patient understands the risk and the nature of the gamble being of- 
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fered him. We have also proceeded on the premise that the operation will 
not make the extremity worse, provided proper supportive care is admin- 
istered and no new complications are encountered. 
Group 1.—Of the 23 patients comprising the first group (Fig. 1), 20 
showed return of the popliteal pulse and at least one and usually both of the 
pedal pulses after endarterectomy. All 20 have been completely relieved 
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of their symptoms of claudication in the involved extremity. In none of these 
20 has there been indication of thrombosis, either early or late, in the 
endarterectomized arterial segment. 

In 19 there has been consequent restoration of unlimited walking exercise 
tolerance. The other patient of the 20, a 63-year-old diabetic man who com- 
plained of one-half block claudieation for six months before operation, en- 
tered the hospital because of the onset of continual pain in the leg and foot 
and the appearance of a 1 em. painful ischemic ulceration of the heel. At 
exploration he was shown to have a patent popliteal artery with occlusion of 
the posterior tibial and peroneal branches, but narrowed, irregular patency 
of the anterior tibial branch. Endarterectomy resulted in return of the 
dorsalis pedis pulse, prompt healing of the ischemic ulceration, and warming 
of the leg and foot. He is presently six months postoperative and is able 
to walk eight blocks before he is halted by claudication in the ealf of the op- 
posite extremity. 

Of the total 23 patients, 1 is classified as being no more than improved, 
even though he is very pleased with his result. He is a 73-year-old man, upon 
whom operation was performed thirty-four months previous to che present 
writing. The first toe showed acute ischemia; he was suffering rest pain, 
and could walk only twenty-five feet. The distal popliteal artery and its 
proximal branches were patent. After operation no return of pulses could 
be demonstrated, but the patient’s extremity, including the toe, became warm 
and asymptomatic. He could walk as far as one-half mile for eighteen months 
after operation. He then survived a stroke but has sustained a hemiplegia. 
Because of the hemiplegia, he now walks with difficulty, although the ex- 
tremity remains asymptomatic. 

Two of the 23 patients were not benefited in any respect, although their 
ischemia has not progressed. One of these is a 62-year-old man who on ad- 
mission complained of eight months of claudication after walking from one to one 
and one-half blocks. The intima of the distal arterial tree was seriously thick- 
ened, but patency was demonstrated. Postoperatively no pulse was ever 
felt although he was heparinized during the operation and for several days 
thereafter. He developed a hematoma in his wound in the early postoperative 
period. The other failure occurred in a patient whose obstructed vessel was 
extensively indurated and scarred. The dissection was tedious and the repair 
of the vessel extremely difficult. No pulse was obtained. His symptoms have 
gradually become worse during the several months since operation. 


Group 2.—The second group of 14 eases (Fig. 2) consists of patients 
whose extremities were in such condition that urgent surgical treatment was 
required. Endarterectomy was attempted as an alternative to low-thigh 
amputation in all but 1 patient. 

In 1 of the 14, the extremity was viable, and the patient had a one-half- 
bloek claudication distance. Exploration revealed involvement of the poplit- 


eal artery to its lower bifurcation. The terminal obstruction was cleared by 
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‘‘blind’’ use of the internal stripper described later, thereby relieving the 
posterior tibial artery of its obstruction and restoring a pulse to the foot. The 
extremity is now warm and asymptomatic. 

Kour other patients have been treated by ‘‘blind’’ stripping of the 
terminal popliteal artery in addition to routine clearing of the obstruction 
in the superficial femoral artery. No pedal pulse was obtained in any of these 
patients. However, one now has a warm, comfortable extremity with drying 
and shriveling in a previously gangrenous first toe. [Before operation the 
gangrenous toe was wet, the entire extremity was painful, and cellulitis was 
spreading up the foot. Relief has progressed in spite of a period of delirium 
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Fig. 2.—Results of endarterectomy in 14 patients shown preoperatively to have an unfavorable 
distal arterial tree. 


the night after operation, during which the patient walked the length of the 
hospital corridor on the involved extremity, supporting himself by resting his 
other amputated extremity on a chair. A second patient, with a fifty-foot 
claudification distance, coldness, and rest pain, has shown cessation of pain, 
some warming of the foot, and increase in claudication distance to 200 feet, 
even though no pulse has returned. <A third patient, a diabetic, who had a 
gangrenous fifth toe with spreading cellulitis up the foot made worse by 
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open amputation of the toe, showed immediate clearing of the infection, rapid 
healing of the amputation wound, and is now able to walk eight to ten blocks 
before being halted by dyspnea. His preoperative claudication distance was 
one-half block. A fourth patient, also diabetic, with a wet, gangrenous wound 
which followed open amputation of a toe for gangrene, showed progressive 
cellulitis, increasing edema of the foot and leg, and constant pain at rest be- 
fore endarterectomy. It is now one month since endarterectomy. A popliteal 
pulse is present, his pain has decreased, his amputation wound is healing, 
and the infection is localized. 

In 3 of the 14 patients we have felt that amputation at a lower level was 
made possible by endarterectomy. A transmetatarsal amputation was possible 
in 1 and below-the-knee amputations were successful in 2. Without endar- 
terectomy we would have elected above-the-knee amputation in all three. 

Five patients who showed extensive disease of the distal popliteal artery 
and its branches, acute ischemia, rest pain, gangrenous toes, or ischemic 
ulceration of the foot or leg were not benefited by endarterectomy and re- 
quired low-thigh amputation. In the second group 1 of the 14 patients with an 
unfavorable distal tree developed a wound infection which resulted in rup- 
ture of the distal superficial femoral artery at the suture line, and the patient 
died from hemorrhage before the ward personnel recognized the gravity of the 
situation. 

On the basis of the poor results in the majority of the 14 patients in the 
second group we feel that endarterectomy should be applied to this type of 
problem only if the patient refuses amputation and is willing to take any 
risk to save the extremity. In these patients we would elect endarterectomy 
rather than sympathectomy, since sympathectomy in our experience has not 
provided significant benefit for those with this type of problem. Ten of the 14 
patients in this group had been previously subjected to sympathectomy and 
had experienced no tangible benefit. 

Complications.—In addition to the one death already mentioned, we have 
experienced the following complications in the two groups of patients sub- 
jected to endarterectomy. One patient survived a coronary occlusion three 
and one-half months after endarterectomy. One patient has developed oc- 
casionai attacks of angina pectoris and orthopnea, which is responding to 
digitalization. One patient survived a cerebrovascular accident eighteen 
months after endarterectomy but has sustained a hemiplegia. Three patients 
developed temporary swelling in the leg and foot in the immediate period 
after ambulation was begun. This condition was considered to be venous 
thrombosis and was treated successfully in all 3 by a few days of heparin 
therapy and gradual reambulation with elastic support to the extremity. None 
of these showed alteration in the arterial circulatory improvement cbtained 
by endarterectomy. There were three mild, superficial wound infections. In 3 
patients a hematoma appeared in the wound, which cleared spontaneously 
in 2. In 1, re-exploration eight hours after surgery and ligation of a small 
bleeding vessel in the wound were necessary. In these 3 patients, pedal pulses 
were obtained and maintained after endarterectomy. 
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TECHNIQUE 

In the past the artery has been opened by a longitudinal incision over the entire 
extent of the obstruction, the obstructing intima and secondary thrombus removed, and 
the longitudinal incision in the vessel closed by a running arterial suture. After the raw 
surface is flushed with dilute heparin solution, and heparin is administered intravenously, 
the blood flow is then reconstituted. One major limitation to this procedure has been 
the length of the arteriotomy frequently required to remove all the obstructing intima, 
since it has not been uncommon for an obstruction to extend from the bifurcation of the 
aorta or the common femoral artery distally to the popliteal artery. It has been our ex- 
perience, nevertheless, that it is possible to remove the obstruction from the entire length 
of the superficial femoral artery, a length often as long as 32 em. or more. Continuity 
of blood flow is thereby re-established and pedal pulses restored to the patient, permitting 
him to walk unlimited distances even though before operation his claudication distance 
may have been one-half block or less. However, considerable operating time is required 
to suture meticulously an extensive arteriotomy in the superficial femoral artery. The 
excellence of the cleavage plane which results as a part of the pathologic process in this 
disease has been frequently pointed out. Thus, once the right plane is discerned, it is 
found that the entire segment of occluded intima is removed with little difficulty. It 
occurred to one of us (J. A. C.) that the freeing of this intimal obstruction without open- 
ing the entire length of artery might well be feasible if a properly designed instrument 
were employed. In our recent cases we have found that the use of a simple loop of fine 


steel piano wire bent to fit the curvature of the specific vessel has been most effective in 
This method has permitted con- 


removing obstruction of the superficial femoral artery. 
siderable saving of operating time which, in turn, indicates that the procedure may be 
offered to patients in an older age group, who represent less satisfactory surgical risks. 

We have employed the following technique, which is illustrated in Figs. 3 and 4. 
The patient, preferably under a long-acting spinal anesthesia, is placed supine on the 
operating table, and the entire surface of the involved extremity is prepared from a point 


well above the groin to the toes, <A stockinette is applied to the foot and calf and a 
pre.iminary incision is first made on the medial aspect of the thigh, paralleling the sar- 
torius muscle, beginning just above the knee joint and extending proximally a distance 
of about 8 em. The upper portion of the popliteal space is opened and the area of the 
junction between the superficial femoral artery and the popliteal is identified and the 
artery isolated. The artery is explored for collapsibility and is also opened to check for 
adequate backflow from below as a result of filling from adequate collateral. In addition, 
it is our usual policy to obtain a popliteal arteriogram in order to ascertain the exact 
status of the vessels in the leg. If we find that the popliteal artery is patent and is 
continuous with at least one major branch vessel, it is our policy to proceed with the 
operation regardless of the extent of the obstruction in the superficial femoral artery. 
The longitudinal incision in the upper end of the popliteal artery is extended a distance 


A fine polyethylene catheter is inserted into the distal artery 


of approximately 3 em. 
A dilute solution 


and secured with a length of Penrose drain, clamped around the artery. 
of heparin, 10 mg. in 100 ¢.c., is then injected into the distal arterial tree of the leg at 
frequent intervals throughout the rest of the operation in order to prevent clotting there, 
as well as to offer needed prophylaxis against venous thrombosis. Our next step in the 
procedure, and one of the most important parts, is to start the cleavage plane properly 
between the thickened intima and surrounding media. A slanting incision is employed 
so that the thickening in the intima is beveled. If necessary, the distal end of the cut 
edge of the intima is also carefully and meticulously tacked to the arterial wall, with 
interrupted 00000 silk. It is our belief that this method prevents the subsequent dissection 
of the distal intimal edge and consequent obliteration of the lumen when blood flow is 
re-established. The proximal end of the intima, which has been dissected free, is then 
threaded inside the loop of the fine-wire stripper, and with the use of a gentle rotating 
thrusting motion, the cleavage plane is gradually developed up the artery as far as the 
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stripper will pass without undue pressure. It has been our experience that the stripper 
may well pass the entire length of the superficial femoral artery without difficulty and 
can then be exposed at the upper thigh just below the groin crease, and the upper end 
of the intima approached through an arteriotomy piaced just above the bifurcation of the 
common femoral artery. Removal of the entire length of obstructing intima is then 
possible. 

If, in the course of the dissection with the stripper, serious obstruction is encoun- 
tered, we then expose the artery at the site of obstruction and make another smail ar- 
teriotomy, which permits the freeing of the intima under direct vision. Once the oc- 
cluding intima has been removed, the stripper is passed up and down the emptied lumen 
of the artery to remove any debris. An appropriate sized red rubber French catheter is 
threaded into the entire length of the artery, beginning at the upper end, and brought 
down to the lower arteriotomy, the point of the catheter being then threaded as far as it 
will go into the distal popliteal artery. The lower arteriotomy is closed over the catheter, 
which is used as a stent, and flushing of the catheter and artery with heparin is then 
begun while the arteriotomy is being closed. Heparin is also given intravenously in 
doses of 25 to 50 mg. We then proceed to the upper arteriotomy, which is closed in a 
similar fashion, remove the catheter with considerable flushing of heparin, and finaily 
close the last segment of the femoral arteriotomy. The occluding clamps on the popliteal, 
deep femora!, and common femoral arteries are then released in that order, Usually small 
leakage in the suture line is easily controlled with Gelfoam and pressure. The entire 
operative field is then meticulously checked for hemostasis and the wound is closed in 
layers, using fine interrupted nonabsorbable sutures. It has been our usual policy to insert 
a small drain superficially in the lower end of the wound, which is left for a period of 
three to four days. 

Postoperatively, the patient is placed on heparin. He is given aqueous heparin on 
a four-hour schedule, in a dosage sufficient to cause the clotting time to be very slightly 
elevated at the end of four hours when the next dose of heparin becomes due. We have 
found that this required dosage varied between 15 and 50 mg., depending upon the pa- 
tient, his weight, and his own individual clotting mechanisms. Heparin therapy is con- 
tinued for a period of a few hours to several days, depending upon the time after surgery 
when palpable pedal pulses return. The patient is encouraged to move the extremity 
free'y, but ambulation is usual!y not permitted before the fifth postoperative day. 


DISCUSSION 

It has been our experience that if, on arteriography, we are able to dem- 
onstrate adequate patency in the popliteal artery, either at the time of di- 
agnostic arteriography in the course of the patient’s work-up or at the time 
of exploration of the popliteal artery, we can usually predict that the patient 
will have restoration of at least one pulse to his foot and will be considerably 
improved by the surgery (Figs. 5 and 6). 

In those cases where the patency of the popliteal artery is poor, the bene- 
fit is limited. However, since in the course of the endarterectomy of the 
superficial femoral artery we invariably find that numerous collaterals are 
opened and bleed into the artery, we feel that the fact that these collaterals 
can now be filled directly by the patent superficial femoral artery cannot help 
but result in improvement for the patient. We consequently feel that this 
method may have a significant advantage over the use of a long segment of 
arterial homograft. We feel very strongly that heparin should be used not 
only at the time of surgery but for a period of hours to days after the opera- 
tion, since there is little doubt that the raw surface, which constitutes the in- 














58 CANNON AND BARKER Bg 
side of the artery as a result of the endarterectomy, is conducive to clot forma- 
tion. We believe that the use of this method frequently reduces the required 
operating time by as much as one-half. Thus through the use of the stripper 
a procedure may require two and one-half to three hours which might other- 
wise last five to six hours if the arteriotomy were extended throughout the 
length of the segment of intima which is removed. 

Although our follow-up studies have not exceeded thirty-five months, our 
experience with superficial femoral endarterectomy has already indicated 
that, when successful, it results in complete relief for the patient in contrast 
to the usually nebulous results of sympathectomy or conservative manage- 
ment. Eleven of the twenty-three patients in Group 1 had had a lumbar 
sympathectomy at some time prior to endarterectomy. One admitted improve- 
ment in claudication distance from one block to three blocks, and another 
from one block to two blocks. Four stated that they noted slight warming 
of the extremity after sympathectomy but no improvement in claudication. 
Ten of the 14 patients in Group 2 had also had previous lumbar sympathee- 
tomy. None showed improvement in claudication. Three stated that the 
foot became slightly warmer. In all, the ischemic symptoms remained un- 
changed or progressed to such an extent that they were willing to have 
endarterectomy applied to their problem even though no guarantee of any sort 
was given to them. No search for improvement by plethysmographiec, os- 
cillometric, skin temperature, or skin perspiration measurement was made 
after either sympathectomy or endarterectomy. We believe that improvement 
after such surgery should be spontaneously noted by the patient and obvious 
on physical examination in order to be classified as significant. 

To date we have no indication which makes us believe that there will be 
a recurrence of obstruction in the endarterectomized segment of vessel. We 
have formed the impression that the healing and repair in a vessel, consisting 
of a tube of raw media, as is the case after endarterectomy, are probably 
different than the process of healing and repair which must take place in a dead 
arterial graft. Wylie® has shown that an endothelial-like membrane is de- 
posited on the entire endarterectomized medial surface within six weeks after 
endarterectomy, both in the human being and in the dog. It would appear 
that in homostatie arterial grafts, the endothelium must grow in from the ends 
of the host vessel. In the endarterectomized vessel the media, elastic tissue, 
and adventitia probably remain viable unless destroyed previously by arterio- 
sclerosis. The vasa vasorum remain. Most important, we have observed 
that numerous patent collateral branches are opened and bleed in the course 
of endarterectomy, and we believe that these vessels remain patent with blood 
flow in the normal direction after endarterectomy. In a homograft the most 
that can be expected is the formation of a direct shunt between proximal and 
distal host vessel. No patent collateral branches are present in the graft, 
which serves as only a seaffold eventually to be replaced by host fibrous tissue. 
We have had no late thrombosis and have even noted that the patients show 
continued improvement for weeks to months after operation. Late throm- 
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hbosis in the long homograft appears to be a serious problem, even in grafts 
initially showing satisfactory function.’ It is, however, apparent that in the 
condition discussed the patient is actually suffering from a generalized ar- 
terial disease which can be expected to progress, although the exact rate can- 
not be predicted. We feel that one method of slowing this rate may be to 
encourage the patient to lose weight and maintain himself somewhat under- 
weight, with the possibility that the avoidance of animal fat may eventually 
prove to have an indication in the postoperative long-term management of 
such patients. 


CONCLUSIONS 


1. Experience is presented in the treatment of arteriosclerotiec occlusive 
disease of the superficial femoral and popliteal arteries. 

2. Restoration of at least one pedal pulse and complete relief of inter- 
mittent claudication was obtained in 20 of 23 patients whose popliteal tree 
was demonstrated to be patent before endarterectomy. One patient was con- 
siderably improved, but no pulse was obtained; 2 patients were not benefited. 

3. In a group of 14 patients with occlusion of the distal popliteal tree, 
who required surgical intervention because of signs and symptoms of severe 
ischemia, 1 showed complete relief, 4 were improved, and 9 experienced no 
definite change in response to endarterectomy. 

4. A semiclosed technique of endarterectomy by intraluminal stripping 
using a fine-wire loop stripper is described which permits significant saving 


in operating time. 
5. No ineidence of thrombosis in the endarterectomized segment of an 


artery in which a pulse was restored has been encountered, the maximum 
follow-up period being thirty-five months. 
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DISCUSSION 

DR. OSCAR CREECH (Houston, Texas).—I want to congratulate Dr. Cannon and 
Dr. Barker for this interesting presentation, and particularly for the excellent results 
they have obtained with thromboendarterectomy. We originally used this procedure to 
remove occluding thrombi from the common iliac arteries in patients with occlusive dis- 
ease of the abdominal aorta. About two years ago we designed a stripper made from a 
Kirschner wire and somewhat similar to the one Dr. Cannon has shown. Since this in- 
strument worked well in the common iliae arteries, we then began to use it in the treat- 











60 CANNON AND BARKER Surgery 


July, 1955 


ment of segmental occlusion of the femoral arteries. However, in peripheral vessels we 
found that the stripper had a tendency to penetrate the vessel wall, particularly when a 
semiclosed technique was used. Upon restoration of biood flow, severe bleeding occurred 
into the periarterial tissues. For this reason, we feel it is better to expose the occluded 
vessel completely. In order to avoid dissection of the distal intima we prefer to divide 
the vessel above and below the site of occlusion, strip out the thrombus, preferably from 
below, and then make a complete circular suture incorporating the intima into the 


anastomoses. 


DR. CANNON (elosing).—I would like to thank Dr. Creech for his discussion. We 
readily admit that the procedure does not always progress with the same facility indi- 
sated in the case which was illustrated. We have noted that stripping seems to be more 
easily performed in a retrograde direction, possibly because of the angle at which arterial 
branches come off the parent vessel. It is, of course, important not to push too hard 
with the stripping instrument, since rupture of the vessel wall must be avoided. Should 
rupture occur at an arteriovenous interface, a fistula could easily resu!t. We have found 
that it is safer to perform secondary arteriotomy over a point of resistance to progress 
of dissection with the stripper. It is for this reason that we have tended to expose the 
entire vessel. 

When suture of the thickened intima to the arterial wall is necessary at the distal 
extent of the endarterectomy, we feel we are doing the same thing which is done when 
end-to-end anastomosis is performed. Regardless of the method used, we believe it is 
important to make sure that the inside of the vessel is relatively smooth so that dissection 
of the intima from the arterial wall with consequent obstruction is prevented. Intimal 
dissection by blood flow is probably one of the important mechanisms whereby the original 


obstruction is established. 
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CHEMICALLY TREATED NYLON TUBES AS ARTERIAL GRAFTS 


W. STERLING Epwarps, M.D., ANp JAMES S. Tapp, Pu.D. 
b] ’ ? b] 
BIRMINGHAM, ALA, 


(From the Department of Surgery, The Medical College of Alabama, Birmingham, and the 
Research Laboratories, The Chemstrand Corporation, Decatur, Ala.) 


RTERIAL replacement by human homografts has undoubtedly been one 
of the leading surgical advances of the present decade. Despite the sev- 
eral methods of preservation and sterilization available, there are certain 
disadvantages to the use of homologous vessels. Procurement of an adequate 
number of arteries from suitable autopsy material has been and will continue to 
be an increasingly difficult problem as the indications for arterial grafting 
are extended. Quick frozen or freeze-dried arteries, being nonviable, depend 
on their elastie fibers to prevent dilatation or disruption. Although generally 
satisfactory, enough serious complications have been reported from homol- 
ogous grafts to make more certainly safe replacements desirable. Brock’ 
and Hamblin and Lord? have reported fatal rupture of homografts. In this 
city, late fatal rupture of a lumbar branch of a freeze-dried aortic homograft 
has been observed at autopsy, as well as one case of nonfatal suture-line hem- 
orrhage into the duodenum occurring several months after freeze-dried homo- 
graft replactment of an abdominal aortic aneurysm. 

The concept of using tubes of tightly woven fabric for arterial replace- 
ment, as first suggested by Voorhees, Jaretzki, and Blakemore,’ has presented 
the possibility of solving these difficulties inherent in human homografts. 
These investigators, realizing that nonviable homografts served only as seaf- 
folding for fibrous tissue replacement from the host, reasoned that nonreactive 
fabrie tubes might make a desirable framework. Further experimental and 
clinical work by Blakemore and Voorhees‘ has demonstrated that Vinyon ‘‘N”’ 
cloth, folded and stitched longitudinally as a tube, ean be satisfactorily used 
as a graft. To prevent unraveling of the cloth at the site of anastomosis it is 
necessary to cuff back the ends of the tube and suture this rolled edge to the 
host vessel (Fig. 1). Vinyon ‘‘N,’’ even when tightly woven, allows consider- 
able blood loss through the mesh for several minutes. Shumacker and his ¢o- 
workers® ° have dealt with this problem by fashioning tubes of nylon cloth 
fused to a thin sheet of polyethylene film to render the cloth impermeable. 
Hufnagel’ has utilized Orlon and Dacron cloth for the fashioning of arterial 
replacements because their water-repellent qualities prevent this temporary 
hemorrhage through the mesh. A serious objection to all these cloth prosthe- 
ses is the likelihood of kinking of the fabric tube, with resulting thrombosis 

This work was supported by the H. E. Dudley Research Fund. 


1985 Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
5. 


61 














EDWARDS AND TAPP Surgery 


July, 1955 





62 


if there is too much redundancy of the graft or if the graft crosses a flexion 
area such as the groin, axilla, or popliteal space. Wesolowski® has recently 
emphasized this problem of ‘‘wrinkle thrombosis. ”’ 

With this background, it seemed to us that in seeking the ideal fabric 
arterial graft the following features would be desirable: 

(A) Braided or woven tubes of various sizes so that the clumsy longi- 
tudinal seam could be eliminated. 

(B) Treatment of the fabric in such a way that the tube could be cut to 
any desired length at the operating table, yet arterial sutures would not cause 
fraying or unraveling at these cut ends. 

(C) Rendering the cloth unwettable to prevent blood loss, yet not im- 
permeable to fibroblastic penetration through the fibers. 

(D) A method of maintaining flexibility of the tube so that it would not 
kink if used in flexion areas. 

(E) Last, that woven or braided Y tubes be made to replace bifurcations 
such as the abdominal aorta. 





Fig. 1.—Original method of fashioning a tube of fabric by a longitudinal seam plus cuffing 
of both ends for ease of suturing. 


Such grafts, if they could be made available, would supply smaller com- 
munities, where arterial banks are impractical, with a safe and simple ar- 
terial replacement. <A stock pile of such tubes by the armed forces might be 
useful in future conflicts. 

The following report deals with our efforts to solve some of these prob- 
lems in trying to procure this ‘‘ideal’’ fabrie graft. 


METHODS AND MATERIALS 


Nylon was chosen as the first test fiber because of its strength and durability as 
well as biologic inertness. Chemstrand nylon filament yarn of 210 denier was braided 
by Essex Mills into a collapsed tube. This is a conventional nylon shoelace. At our 
request the size of the tube was adjusted so that it would snugly slide over a 5/16 ineh 
mandrel. This gave a finished tube of 44 inch internal diameter (0.65 em.), which is the ap- 
proximate size of the abdominal aorta of dogs weighing 10 to 15 kilograms, 

At the present time three separate types of nylon artery replacements have evolved: 

(A) Cylindrical tubes, only chemically treated for ease of suturing. 

(B) Chemically treated, as mentioned, plus a physical form that confers a ‘‘no 
kink’’ feature. 
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(C) Either (A) or (B), plus a conventional textile silicone treatment to decrease 
the angle of contact between blood and the pores of the tube. 

A solution was prepared comprising 125 parts by volume of 98 per cent formic -acid 
and 45 parts by volume of water. The nylon tube on a glass mandrel was immersed for 
exactly twenty seconds in the acid-water solution at 75° to 85° F. Following removal, 
the tube was washed in flowing tap water for thirty minutes. 

After washing, the next step depends on whether a straight or cireular crimped 
artery is required. 

1. A Straight Artery.—The tube and mandrel are transferred at once to an air convec- 
tion oven operating at 130° C. and left therein for thirty minutes. 

2. A Crimped or ‘‘No Kink’’ Artery.a—One end of the tube on the mandrel is pushed 
toward the other end. That is, the two ends are brought closer together with the result 
that the intervening tube is caused to take up a circular crimped position. In the crimped 
position the tube and mandrel are transferred to an oven at 130° C. and left for thirty 
minutes. The whole crux of this operation is in having just the right amount of slack. 


For both Types 1 and 2, the following procedure is carried out: 


Remove from oven and allow to cool for thirty minutes. The tube is then pushed, 
not pulled, off its mandrel. The unsupported tube is boiled in distilled water for at least 
fifteen minutes, This allows the crimped tubes to relax slowly and uniformly, and even 
on the straight tube it confers a certain ‘‘feel’’ that is advantageous. Following relax- 
ation, the tube can be allowed to dry overnight in the air or can be placed in a 130° C. oven 
for ten minutes. Wa 

The regular textile silioonn treatment was as follows: A mixture of 5 parts by 
weight of Dow Corning Decetex 104 and 1 part by weight of Dow Corning XEY-16 
catalyst was prepared. To 300 c.c. of water, 15 ¢.c. of the prepared mixture was added. 
The tubes were immersed in this liquid at 75° to 85° F. for ten minutes, then removed, and 
allowed to drain for fifteen minutes. They were then cured in an air oven at 150° C. for 
twelve minutes. 

The resulting cylindrical tubes were firm but resilient and maintained -their shape. 
Flexion of only a few degrees, however, led to kinking and occlusion (Fig. 2). The 
crimped tube, on the other hand, could be flexed 180 degrees without occlusive kinking 
(Fig. 3). Both tubes could be cut at any desired level, and would firmly hold an arterial 
stitch 1 or 2 mm. back from the cut edge without fraying. 


RESULT OF ANIMAL TESTS 


Straight and crimped nylon tubes with and without silicone were inserted 
into the abdominal aorta of 41 dogs. The test size tubes were all of 14 inch 
(0.65 em.) inside diameter to fit the aorta of dogs weighing 10 to 15 kilo- 
grams. Numerous difficulties were encountered in the first 20 dogs while 
variations were being made in stiffness of the cloth, technique of suture, and 
so forth, and thrombosis was frequent until a satisfactory tube and method 
of insertion were finally standardized. 

The technique of insertion was as follows: 


The abdominal aorta was freed up for a distance of 5 em. from the trifurcation, 


using sterile technique and Nembutal anesthesia. A 2 em. segment of aorta was then 


excised between Potts clamps and a 2 em. nylon tube inserted to restore continuity. The 


grafts were sterilized by autoclaving for twenty minutes in a test tube. The anastomosis 
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was carried out with a continuous over-and-over suture of 00000 arterial silk interrupted 
twice. If the crimped tube was being inserted, after completion of the anastomoses, the 


crimps were flattened and compressed with the fingers and the graft thus softened. The 


Prater, 








Fig. 3. 


‘ig. 2.—Cylindrical braided tubes of nylon after 
inability of this tube to flex without kinking. 


Fig. 3.—Crimped tubes of nylon showing acute flexion without kinking. 


formic acid treatment, showing the 
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Potts clamps were removed, allowing a pulsatile flow through the tube. Using this chem- 
ically stiffened fabric, it is difficult to obtain a blood-tight suture line, as can be obtained 
when sewing two ends of a vessei or homograft. Bleeding from one or two points at each 
anastomosis generally occurred in the earlier experiments, lasting five or ten minutes, but 
always controllable by pressure. After the considerable bleeding encountered in our first 
human case described later, a more effective means of controiling this source of hemor- 
rhage was developed. Before release of the clamps, strips of nylon cloth were wrapped 
twice around each anastomosis and held in place with a single suture (Fig. 4). This 
reduced markedly the amount of blood loss, and seldom was there evidence of bleeding for 


more than one minute. 


Nylon Cloth 
Wrapped Twice 
AroundVessel 








Fig. 4.—Reinforcement of the anastomoses by nylon cloth as described in the text. 


Table I indicates the results of insertion of various types of grafts in 21 
consecutive dogs for the relatively short period of time that we have as yet 
followed these animals. We have concentrated on the crimped tubes, since 
it was realized early in this study that the straight tubes were quite satis- 
factory, and would offer few complications. We were somewhat dubious 
about the crimping at first, fearing that the irregular surface would promote 
turbulence and thrombosis. It was found, however, that the incidence of 
thrombosis was quite low (partial occlusion of the lumen of two grafts out 
eighteen) if one precaution was taken: finger compression of the crimps 
before release of the occluding clamps. This served to flatten out most of 
the erimps and to soften the fabrie considerably so that the distention of the 
tube by arterial pressure removed most of the remainder of the irregularity, 
still leaving the tube with a satisfactory degree of flexibility. Seven crimped 
tubes treated with silicone were inserted, and practically no red cells were 
seen to come through the fabrie after restoration of flow. The incidence of 
thrombosis has been zero in these seven animals. There was no case of late 
suture-line hemorrhage in this second series. In the first group of twenty 
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pilot experiments, one animal died eight days after grafting from anastomotic 
hemorrhage, secondary to an abscess around the suture line. Many of these 
animals are still living, with good femoral pulses equal on the two sides and 
without palpable thrill. The early gross and microscopic appearance of these 
chemically treated nylon tubes closely resembles the changes deseribed by 
Blakemore and Voorhees.* The interstices of the fabric are rapidly filled with 
fibrin and blood eells. For the first two or three weeks the inner lining mem- 
brane of fibrin can be easily scraped off, and later it becomes firmly adherent 
and miersocopically infiltrated with fibroblasts, which penetrate through the 
fabric. Grossly this inner lining membrane begins to take on a polished, gray 
appearance in the third month. The slight irregularity of the inner surface 
of the crimped tubes is further leveled out by the production of a thicker 
layer of lining in the coneavities of the crimps (Fig. 5). 


TABLE I 


- a | LENGTH OF i; 4 








SURVIVAL CAUSE OF 





DOG NO. TYPE OF GRAFT (DAYS) DEATH PATENCY 
1 Straight nylon 90 Sacrificed 100% 
2 Straight nylon 82 Sacrificed 100% 
3 Straight nylon 30 Sacrificed 90% 
4 Straight nylon 10 Pneumonia 100% 
5 Crimped nylon 70 Living Good pulses 
6 Crimped nylon 8 Distemper 100% 
7 Crimped nylon 45 Sacrificed 100% 
8 Crimped nylon 70 Living Good pulses 
9 Crimped nylon 32 Sacrificed 60% 
10 Crimped nylon 7 Sacrificed 100% 
11 Crimped nylon 65 Living Good pulses 
12 Crimped nylon 63 Living Good pulses 
13 Crimped nylon 29 Pneumonia 100% 
14 Crimped nylon 51 Living Good pulses 
15 Crimped nylon with silicone 2 Distemper 100% 
16 Crimped nylon with silicone 41 Living Good pulses 
17 Crimped nylon with silicone 20 Sacrificed 100% 
18 Crimped nylon wiih silicone 35 Living Good pulses 
19 Crimped nylon with silicone + Distemper 100% 
20 Crimped nylon with silicone 28 Living Good pulses 
21 Crimped nylon with silicone 31 Living Good pulses 





CASE REPORT 


B. L., a 58-year-old Negro man, was admitted with a five-year history of progressive 
orthopnea and dyspnea and one week of left chest pain, severe, with intensification by 
deep inspiration. He gave a history of pistol bullet wound of the right upper thigh at 
the age of 14 years, or forty-four years previously. Examination revealed rales at both 
lung bases, with evidence of consolidation at the left base. The heart was enlarged 
markedly to the left with a loud systolic murmur in the right second intercostal space and 


a blowing late diastolic murmur at the apex. Electrocardiogram demonstrated auricular 


fibrillation. There was a pericardial rub at the apex. 
in circumference in the thigh, calf, and ankle than the left, with large prominent super- 
There was a continuous thrill over the femoral vessels in the right upper 


The right leg was one inch larger 


ficial veins, 
thigh. At rest, the patient’s blood pressure was 120/60, pulse 86. After digital compres- 


sion above the fistula blood pressure rose to 184/94 and pulse fell to 60, The liver edge 








Volume 38 CHEMICALLY TREATED NYLON TUBES AS ARTERIAL GRAFTS 67 


Number 1 


could be felt four fingers below the costal margin. It was felt that the patient had 
an arteriovenous fistula, aortic and mitral stenosis, and pericarditis. He improved 
on digitalis and diuretics and the arteriovenous fistula was exposed on Oct. 13, 1954. 
An opening measuring 5 mm. in diameter was found between the superficial femoral 
artery and vein, just distal to the deep femoral artery. The longitudinal opening in the 
vein was sutured carefully with arterial silk. At this point the arterial clamp on the 
common femoral artery eroded through a sclerotic plaque, producing irreversible damage 
to the common femoral bifurcation, and leaving a 5 em. gap in the artery. This area lay 
above the muscular support of the thigh canal, making a vein graft unsuitable. No sat- 
isfactory homograft was available in the arterial bank at that time, so a crimped nylon 


Fig. 5.—A crimped nylon tube removed two months after insertion in the abdominal aorta of 
a dog. Note the smooth internal lining leveling out the irregularities of the crimps. 


tube without silicone (14 inch diameter) was sutured into the defect without continu- 
ous Over-and-over arterial silk. After release of clamps there was considerable blood 
loss at both suture lines and through the mesh, an estimated volume of 300 or 400 e.c., 
which was rapidly replaced. This bleeding stopped after five minutes, and the wound 
was closed. Recovery was uneventful and the patient had bounding dorsalis pedis and 
posterior tibial pulses twenty-four hours after operation. He rapidly improved as far as 
his cardiac status was concerned and was discharged to await maximum improvement 
before consideration of surgery on his mitral and aortic valves. One month later he was 
readmitted with calf pain and tenderness and some ankle edema but no evidence of 


pulmonary emboli. He was treated with intravenous heparin for 8 days, at which time 
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he was asymptomatic and discharged. His pedal pulses were still excellent and did not 
decrease with acute flexion of the right hip when he was last examined, two months after 
operation. 

DISCUSSION 

We feel that the first four of the five criteria previously suggested for 
an ideal fabric graft have been satisfactorily met. Whether each separate 
characteristic can be met in a better way remains to be seen. Braided tubes 
of nylon ean be rendered impervious to blood, and stiff enough to suture with- 
out fraying by coating with a plastie substance such as vinyl, but the re- 
ported incidence of thrombosis has been high.’ Shumacker and co-workers,® 
using nylon tubes rendered impervious and stiff with polyethylene or Lucite, 
again have reported a high incidence of thrombosis in tubes less than 1 em. 
in diameter. Our low incidence of thrombosis with chemically treated tubes 
of small ealiber (0.65 em. inside diameter) leads us to agree with Blakemore 
and Voorhees? that a fabric permeable to fibroblastic penetration is important 
to prevent late thrombosis. Whether temporary blood loss through the mesh 
can be prevented more satisfactorily by an inherently water-repellent fabric 
(Chemstrand aerylie fiber) than by silicone-coated nylon is now being studied. 
To date, silicone has been quite satisfactory. 

The ‘‘no kink’’ characteristic of the crimped tubes will, we hope, prove 
helpful in preventing the late ‘‘ wrinkle thrombosis’’ of fabric grafts in flexion 
areas. Our first human ease has been encouraging. It is possible to construet 
long, straight grafts with several inches of erimping on one end to replace 
defects in the iliac and femoral arteries. Since the irregular surface of the 
erimped tube did not cause a significant incidence of thrombosis in these 
small-diameter grafts, it is felt that larger caliber tubes in human eases will 
prove even safer. 

It should be emphasized, as pointed out by all previous workers with both 
homografts and fabrie grafts, that disproportion between the prosthesis and 
artery is one of the most serious technical errors leading to thrombosis. If 
an exact fit cannot be obtained, we have found it much better always to use 
a prosthesis a little smaller in ealiber than the host vessels, rather than a 
graft a little too large. Slight reduction in diameter through the graft will 
increase the velocity without reducing the volume of flow and should make 
thrombosis less likely. The use of reinforcing cuffs of nylon around the suture 
line, similar to those used by Blakemore and Voorhees,‘ reduces the initial 
amount of blood loss from the anastomosis, and should prevent late hemor- 
rhage from aneurysm formation at the sites of needle puncture of sclerotic 
vessels. The use of loosely woven sheets of nylon does not prevent the 
orderly ingrowth of reparative tissue. 

Although satisfactory bifurcations can be made with a sewing machine 
by suturing two layers of cloth together in the shape of a Y, the longitudinal 
seams offer unnecessary technical difficulties in suturing the prosthesis to 
host vessels. We have therefore been seeking diligently a method of weaving 
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or braiding a Y-shaped tube of proper dimensions out of nylon. Only recently 
has this been accomplished (Fig. 6), and bifurcations of nylon chemically 
treated by the Formic acid process are now under investigation, and will be 


reported. 


Fig. 6.—A braided nylon bifurcation. 


SUMMARY 


Braided nylon tubes have been constructed and tested as arterial replace- 
ments. 

These tubes were stiffened by a chemical process so that they may be cut 
at any level and sutured without fraying. 

The tubes were rendered water-repellent by treatment with silicone, thus 
preventing temporary hemorrhage through the mesh. 

It was found that these stiff tubes could be made flexible, without kink- 
ing, by a permanent circular crimp. 
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Early follow-up studies in a number of animals and in one human ease 


have shown a low incidence of thrombosis. 


A braided nylon bifurcation, chemically stiffened for ease of insertion, is 


being tested. 


to 
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HE clinical success achieved so far with homologous arterial and aortic 

grafts has fully justified their use for blood vessel replacement. However, 
certain difficulties have been encountered in regard to procurement and 
preservation. Control of contamination has been achieved by irradiation or 
by chemical agents, such as ethylene oxide or beta propiolactone. The time of 
storage of vessel’ grafts has been extended greatly by the use of quick freezing 
or freeze-drying techniques. A greater supply of graft material has been pos- 
sible by relaxing the criteria governing selection of donor material. Neverthe- 
less, it has been impractical for many smaller hospitals to develop a vessel bank 
if the use of such material is very infrequent. In addition, vessels obtained 
from individuals with relatively normal arteries may not fit properly into the 
dilated and badly degenerated vessels of patients suffering from advanced 
arteriosclerosis. Furthermore, recent studies of long-term aortic homografts 
in dogs reported from our laboratory! revealed that progressive degenerative 
changes occur in aortic homografts observed up to four and one-half years. 
There was a high incidence of mural calcification, thinning, and patchy loss of 
the elastic framework. In view of these factors, we have had an increasing 
interest in plastic prostheses suitable for blood vessel replacement. 

Early trials with foreign materials such as tubes of aluminum, silver, and glass 
were notably unsuccessful because of thrombosis or hemorrhage from the site of the 
ligature.2-6 The use of paraffin coating of these tubes to reduce the incidence of thrombo- 
sis? failed to ensure continued function. Use of heparin improved function, but there 
were still practical disadvantages.8,9 Although polyethylene tubing was found to be 
better than glass with respect to clot formation,1° a high incidence of thrombosis occurred 
when this material was tried in dogs and rabbits.11-13 More recently, Hufnagel14 showed 
that highly polished tubes of methyl methacrylate (Lucite) could function well in the 
aorta, and he introduced an improved technique of fixation by means of nylon rings with 
multiple points.15 Later, Daniel!® had some success with these tubes in the portal and 
splanchnie veins of dogs. He also had suecess with tubes of Teflon (tetrafluoroethylene). 
Clinieal trial of rigid plastic tubes in war injuries of major arteries of the extremities 
indicated that limited success could be expected.17 

A notable advance in the use of plastic prostheses was the trial of a fabric woven of 
Vinyon ‘‘N’’ thread. Encouraging initial experimental results were reported by Voor- 
hees, Jaretzki, and Blakemore.18 Subsequent experimental and clinical trial of this syn- 
thetic fabric indicated that very satisfactory function could be expected, at least in the 
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aorta.2° The advantages of cloth appear to be that a flexible replacement can be 
fashioned for exact needs at time of operation if necessary, the anastomosis can be per- 
formed by standard suture techniques, and a lining of autogenous tissue is readily pro- 
duced as a resuit of the permeability of the fabric. 

Kneouraged by the results achieved with Vinyon ‘‘N’’ cloth replacement, additional 
investigators have studied a variety of synthetic materials woven into fabric, with a 
high degree of functional success being reported.?1-27 | In some instances, sufficient details 
regarding the specific advantages of one synthetic fabric over another were omitted, and 
in others, there appears to have been a random selection of synthetic material and weave. 
The purpose of this report is to present the physical-chemical characteristics of the eur- 
rently available synthetic fibers suitable for use in the mammalian vascular system, and 
to analyze the construction and performance of a series of fabrics with regard to certain 
qualities most desirable for blood vessel replacement. With an objective presentation of such 
technical information, it may be possible for the vascular surgeons interested in synthetic 
cloth replacement to select a satisfactory synthetic material and type of fabric. 


(A) SYNTHETIC MATERIALS 

There are two main categories of synthetic materials which have been developed. 
One, referred to as thermosetting, is composed of synthetic resins which are trans- 
formed during processing into hard, infusible materials when subjected to heat and 
pressure.28, 29 Examples are Bakelite and casein plastics, which provoke a marked inflam- 
matory reaction in mammalian tissues.30-32. The second type of synthetic material, called 
thermoplastic, may be molded and formed when heated, This category includes cellulose 
derivatives, polymethyl methacrylate (Lucite), polyethylene, superpolyamides (nylon), 
acrylic fiber (Orlon), vinyl chioride-acrylonitrile (Vinyon ‘‘N’’), polyester (Dacron), 
tetrafluoroethylene (Teflon), and vinylidene chloride (Saran), among others.28-36 Most of 
these substances, in the absence of plasticizers, additives, dyes, and other foreign ma- 
terials, are relatively well tolerated in mammalian tisues,37 and it is from this group 


that fibers have been selected for comparison with one another and with natural fibers em- 
ployed in surgery (Tabie I). 


1. Nylon.—It was as a result of the basic research of Wallace H. Carothers?8 for E. I. 
du Pont de Nemours & Company that many of our present synthetic fibers have been 
developed. Nylon, developed about 1938 and originally labeled ‘‘polymer 66,’’ is the 
generic name covering many straight-chain superpolyamides. It is a condensation product 
of an amino group with a carboxyl group with the elimination of a molecule of water: 

X -— NH, + HOOC - Y — X - NH - OC - Y + H,O 
The resulting polymer has a formula: 
[—NH—(CH.),—NH—CO)—(CH,),—CO—], 

The material has a relatively high melting point, good wet strength, and low water ab- 
sorption. Nylon is a round fiber with good elasticity and recovery from stretch, and has 
greater toughness than other fibers, with the possible exception of Teflon. The fiber is 
not affected by pus, alkalis, or weak acids. The electrostatic charge of the surface !s 
greater than that of other fibers, however. 

Nylon fabric has demonstrated no tendency to produce tumors, as tested by sub- 
cutaneous implantation in special strains of mice and of rats.39 Originally tested in 
mammalian tissues as suture material, it revealed greater tensile strength and lower 
tissue reaction than other common suture material.40-45 There appears to be greater tis- 
sue reaction to nylon than to Teflon, however.37 We know of no tumor formation by 


nylon suture material in over fifteen years of clinical use. 


2. Vinyon ‘‘N.’’—This copolymer was developed by the Union Carbide and Carbon 


Corporation about 1950. A vinyl resin was avaiable about 1938 from which many 
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products were produced. Vinyon ‘‘N’’ is about 60 per cent vinyl chloride and 40 per cent 


acrylonitrile, and is a straight-chain polymer, It is an addition type with the formula: 


H H H H 
Cc =: C oo ip C 

H Cl H. CN 
vinylehloride acrylonitrile 


The fiber is irregular in cross section and is shaped like a flat ribbon. It has a higher 
specific gravity than nylon, and less water absorption. The strength is unchanged by 
moisture, but the fiber is much less elastic than nylon, Orlon, or Dacron. This fiber is very 
resistant to pus, alkali, and acid. There is a low electrostatic surface charge. The melt- 
ing point is quite low, and there is marked shrinkage and stiffening at temperatures above 
150° F. This property precludes use of the autoclave for sterilization. Even at the tem- 
perature of boiling water, there is about 20 per cent shrinkage. Although vinyl chloride 
film appears to be carcinogenic in susceptible rats,46 no tumors have yet been observed in 
rodents tested with Vinyon ‘‘N’’ fabric. Vinyon ‘‘N’’ cloth has been well tolerated in 
the aorta of dogs for over two years.20 


3. Orlon—tThis synthetic material, developed by du Pont about 1948, was possible 
through the use of polyacrylonitrile (1941). This addition type of polymer has the 


formula: 





CH—CH,—CH —CH,—CH—. 
| | | 
CN ON CN n 


. —C H, 


The first commercial yarn was 200-denier, 80-filament yarn, introduced July, 1950. The 
filament has a varying shape of a ‘‘dog bone’’ or cloverleaf. The specific gravity is close 
to that of nylon, and the melting point is similar. The moisture absorption is about one- 
half that of nylon, but several times that of Vinyon ‘‘N,’’ Dacron, or Teflon. The tensile 
strength and recovery from stretch are less than those of nylon, Dacron, or Teflon, but 
greater than those of Vinyon ‘‘N’’ and Saran. This synthetic fiber will burn, unlike the 
others. There is slight shrinkage at elevated temperatures. There is good resistance to 
pus and alkali and acid, but the fiber is destroyed by hot, strong alkali or sulfuric acid. 
The electrostatic charge is lower than that of nylon. Use in mammalian tissues over a 
period of about two years reveals good tolerance.23 

4, Dacron.—This synthetic material is a polyester polymer, developed about 1939 as 
Fiber V and now known as Terylene in England. In 1946 du Pont bought the American 
rights and named it Dacron. It is produced from a polymer made from a chemical com- 
position of ethylene glycol and terephthalic acid, and has a formula: 


aS 
Cee ), 


It is round in cross section and has a higher specific gravity than nylon, Orlon, Vinyon 
‘*N,’’ or Saran. It has a minimal water absorption and excellent wet strength. The ten- 
sile strength and recovery from stretch are almost as good as those of nylon, and the 
fiber does not burn. It is resistant to pus, and weak alkali and acid, It is destroyed by 
hot strong alkali and sulfuric acid. The electrostatic charge is said to approximate that 
of Orlon. It has been well tolerated in the aorta of dogs for almost one year, as de- 
termined in our experiments and those of Himmelstein and Ravitch.47 Carcinogenic¢ prop- 
erties have not been demonstrated by Dacron fabric implanted into rodents to date. 


5. Teflon—tThis extremely durable and resistant synthetic material has been de- 
veloped by du Pont. It is formed by converting chloroform to difluorochloromethaine 
(HCF,Cl), two molecules of which are pyrolized to produce tetrafluoroethylene, with the 


formula: 


F.C = CF, 
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This fabric has tremendous impact strength, is resistant to all chemicals, and is service- 
able at temperatures of 550° F. There is no moisture absorption and very low tissue 
reaction.37 The specific gravity is high. Only very recently has a fabric been available 
for trial, and certain information regarding the fiber is not yet reported. 

6. Saran.—This is a thermoplastic polymer produced by reacting chloride with ethyl- 
ene to form trichlorethane, and treating this with lime. It has a formula: 

CH, = CCl, 

Extruded in monofilament form of relatively great width, it would seem unsuitable for 
use in the type of fabric required for blood vessel replacement. Th melting point is low, 
the fiber shrinks at 160° F., and the tensile strength is relatively low. The water uptake 
is nil and the fiber is very resistant to chemicals. To our knowledge information as to 
its behavior in mammalian tissues is not yet available. 


(B) FABRICS 


If a smooth luminal surface is desirable in blood vessel replacements, the most satisfactory 
type of weave is the taffeta, in which the warp fiber passes alternately over and under the 
filler (woof) fiber. Ribbed or corded surfaces as produced by twill, piqué, and poplin weaves 
may have a greater potentiality in producing thrombosis. Accordingly, an analysis of fourteen 
taffeta fabrics of Vinyon ‘‘N,’’ nylon, Orlon, and Dacron has been performed (Table IT). 
In addition, twill weaves of nylon and of Teflon were studied. 

1. Thread Count.—In ali instances multifilament thread was used. This type has an 
advantage over monofilament in that the thread can adapt in shape where the fibers cross, 
and in plastics that lend themselves to calendering,* the thread can be flattened at the 
crossing to produce a very smooth surface without weakening the fibers. 

The thread count of the taffetas ranged from 100 to 172 per inch in the warp and 
from 72 to 126 per inch in the filler. In cloths with a wide differential in count in warp 
and filler, there was an appreciable difference in the surface texture (Fig. 1, 4 and B). 
It might be of importance to align the smoother grain with the axis of blood flow, instead 
of using the bias. In this respect, a cloth with similar warp and filler counts would seem 
best. In cloth with medium- to high-denier thread and tight weave, difficulty may be 
encountered in passing even the fine needles which are swaged to 00000 arterial silk 
sutures. 

In uncalendered fabrics with threads containing many filaments, the surface texture 
was rough when compared to others with a tight weave (high count) of less dense thread 
(lower deniert) or to those which had been calendered (Fig. 2, A, B, and C). In general, 
calendering is of advantage, unless carried to extremes, since it produces a smooth surface 
and reduces the size of the interspaces. Vinyon ‘‘N’’ is not generally calendered because 
of the shrinkage and brittleness resulting from exposure to only moderate heat. To a 
minimal degree, Orlon and Dacron shorten with high heat. Nylon is resistant to calender- 
ing because of its toughness, unless very high temperatures are used, The threads are 
almost fused under such conditions, to produce an almost impermeable fabric (Table II, 
Fabrice 9). Dacron is easily calendered without loss of strength. Teflon cannot be cai- 
endered, because of its great toughness and resistance to high temperatures. 


The twist of the thread is of real importance in determination of porosity of a 
cloth. With the same thread count and denier of thread, porosity may be great if there 
is a hard (tight) twist to the thread and low if there is a slack twist. The medium 
porosity of Fabric 3 is the result of very slack twist, rather than high thread count or 
ealendering. The combination of slack twist in the filler and calendering, as in Fabrics 
14 and 15, further reduces porosity to a desirable amount. ° ; 





*Application of pressure to fabric passing between heated rollers. 

{Denier is the weight in grams of 9,000 meters of yarn. 

tNumber of cubic feet of air which can pass through a square foot of fabric at an air 
pressure of 1.26 inches of water, 
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TABLE II. ANALYSIS OF CHARACTERIS1 











THICK- THREAI 


THREAD NESS OF WIDTH 
COUNT | AMOUNT | FABRIC ( MICRON 
SYNTHETIC (PER OF CAL- | THREAD TWIST | (0,001 | F 
INVESTIGATORS MATERIAL | INCH)* ENDER | WARP | FILLER | IN. ) WARP]! LER 
Voorhees, Jaretzki, Vinyon 144 x 90 0 Hard Medium 4.0 120 240 
and Blakemore iad. ald 
Wesolowski and Orlon 0 Medium Medium 5.5 170 = 3350 
Sauvage 
Wesolowski, Deter- Orlon 116 x 84 0 Very Slack 5.0 210 50 
ling and Bhonslay slack 
Hufnagel Orlon 100 x 75 0 Medium Medium 5.0 240 = 295 
Hufnagel Orlon 100 x 75 0 Medium Medium 5.0 195 270 
Deterling and Bhon- Nylon 116 x 96 0 Medium Medium 4.5 170 =200 
slay 
Deterling and Bhon- Nylon 144 x 126 + Medium Medium 3.5 120 170 
slay 
Deterling and Bhon- Nylon 118 x 88 + Medium Medium 4.5 170 = 200 
slay 
Shumacker Nylon 116 x 96 ++++ Medium Medium 7.5 190 210 
Bahnson Nylon 144 x 72 0 Medium Medium 7.0 160 265 
Poth (twill outer Nylon 126 x 88 0 Medium Medium 4.5 210 = 240 
fabric 
Deterling and Bhon- Nylon 166 x 116 0 Medium Medium 4.5 135 = 185 
slay 
Deterling and Bhon- Nylon 172 x 116 0 Medium Medium 3.5 135 64170 
slay 
Himmelstein and Dacron 116 x 100 +44 Hard Slack 25 160 240 


Ravitch; Deterling 
and Bhonslay 
Himmelstein and Dacron 116 x 100 ++ Hard Slack 345 160 
Ravitch; Deterling 
and Bhonslay 
Deterling and Bhon- Teflon 72 x 64 0 Slack Slack 11.0 370 
slay 





*Estimated from finished fabric. 

y+Average diameter of human erythrocyte is 7.8 microns. 

Area of average human erythrocyte is 47.78 microns?. 

5 cm. squares autoclaved at 255° — 259° F. at 20-pound pressure for ten minutes. 


t 
§ 

The thickness of the taffeta cloths ranged between 0.00275 inch in a heavily eal- 
endered Dacron cloth with low denier thread and average count to 0.0075 inch in a 
heavily calendered nylon cloth of high denier thread and average count. It was the 
opinion of several surgeons testing these fabrics that a cloth with a thickness of 0.0035 
to 0.005 handled best for vessel replacement. When peripheral vessel! replacement is con- 
sidered, the thinner cloths would seem to be more suitable. 

The size of interspace was determined by measurement at high magnification. The 
average of 30 spaces was used to compute the width, length, and area of the interspaces 
(Table II). In the taffeta weave, there was remarkabie consistency in these dimensions. 
The width varied from 5 to 65 microns and the length ranged from 10 to 90 microns. 


This is of interest when one considers that the average diameter of a human erythrocyte 


is 7.8 microns. The areas of the interspaces ranged from 100 to 4,950 sq. microns. Integrated 
to these measurements were those of air porositv* and blood permeability, all of which 
correlated quite well. Air porosity varied from 1 to 2 cubic feet per minute in one fabric 
to over 100 cubie feet per minute in another. As might be expected, no blood passed through 
the former fabric, even at 140 mm. Hg pressure, whereas 200 ml. of citrated human blood 
passed through the latter in one minute at atmospheric pressure. Although fibroblastic 
growth would be early and excelient through the latter cloth, blood loss would be great 


*Courtesy of Alexander Lamport & Bro., New York, N. Y. 
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or CERTAIN SYNTHETIC FABRICS 














eae oe oe. ‘POROSITY 
SIZE OF INTEB- AVERAGE AREA SHRINKAGE 
ESTIMATED SPACEt OF OPEN INTER- AIR | __ BLOOD _(ML./MIN.) WITH AUTO- 
DENIER OF ( MICRONS ) SPACE} CU. FT./ | 50 100 CLAVINGS$ 
THREAD | WIDTH | LENGTH | (SQ. MICRONS) MIN. | GRAVITY | MM. HG | MM. HG (PER CENT ) 
_ + 35 65 2,275 100 200 350 > 500 33.3 x 50 




















55 90 > 100]! > 200 > 500 2x8 

15 65 46 85 -l 0x4 
25 65 35]| 

55 2.2 40 d 0x2 

40 0x0 

24 0x0 

40) : 0x0 

1-2 0x0 

16 0x0 

1,300 0x0 


0x0 


< 2% << 2 
<2x< 2 


++++ > 100}, 





|| Estimated. 
{Pressure equipment disrupted. 
#Believed due to slight loss of calendering rather than fiber shrinkage. 


unless special treatment, such as preclotting,2° were carried out before use. The growth 
of fibroblasts through the very low porosity cloth would be sparse by comparison, and 
much of the intimal layer might be derived from the adjacent aorta. It seemed evident 
that some intermediate size of interspace and porosity might be more ideal than either 
extreme. The variation in the fabric weaves is demonstrated in Fig. 3. 


(C) EXPERIMENTAL AND CLINICAL TRIAL 

As a result of the analysis, several fabrics were selected for comparative trial. One 
fact which was compared was the amount of immediate blood loss through untreated 
fabrie tubes implanted into the thoracic and abdominal aorta and superior vena cava 
of dogs. In addition, the ease of fashioning the tubes and suturing them in place was 
of importance. Last, the early and late function and tolerance of the tissues were studied. 
This report is concerned only with early observations in a series of twenty-four adult 
mongrel dogs. 

In five animals, Orlon type 81 cloth was implanted into the thoracic aorta (Fabric 
3, Table Il). There was searcely more than sweating of blood through the fabric for a 
minute or so. The tubes were sewn to size at the operating table in two and preformed 
with a sewing machine in the others. Function has been excellent in all, although two 
lied within a few days of implantation, At autopsy the inside surface was coated with 
au thin layer of fibrin and clot and there was no evidence of hematoma about the graft. 





























July, 1955 


In eight dogs, nylon cloth was implanted into the thoracic and abdominal aorta. 
Karlier trial of Fabric 6 revealed a moderate blood loss when the clamps were released, 
so Fabrice 138 was used also. There was a very slight ooze of blood for only a moment 
through this cloth. Funetion remained excellent in all. One dog was autopsied at seven 
weeks, and the graft in the abdominal aorta revealed good growth of fibroblasts through 
the cloth (Fabrie 6). There was 10 per cent occlusion by thrombus. 
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Fig. 1.—The surface texture of an Orlon taffeta fabric constructed of moderately high- 
denier yarn with slack twist (Fabric 4, Table II) is demonstrated under low magnification by 
tangential surface lighting. A, Warp surface, B, Filler (woof) surface, revealed by rotating 
fabric 90 degrees. 


In ten dogs, Dacron fabric was used in the thoracic and abdominal aortas. Both 
Fabrics 14 and 15 were employed. The latter seemed preferable in having greater thick- 
ness and porosity. This cloth sweated blood for a few moments at time of implantation. 
Microscopic sections revealed fibroblastic growth through the fabric at seven weeks. 
This was also observed at eight months.47 Function has remained excellent in all but 
one dog. This animal died of an empyema following another procedure. At autopsy 50 
per cent occlusion of a graft (Fabric 14) in the abdominal aorta was found. 

In only one animal, the twill fabric of Teflon was implanted in the thoracic aorta. 
Marked loss of blood occurred through the fabric when flow was re-established, but fune- 
tion has been satisfactory. Further trial of Teflon is anticipated when more suitable 
fabrie is available. 

Our clinical use of these fabrics has been limited until we feel more certain of the 
materials, The nylon Fabric 6 was used for bifurcation replacement in four patients, 
but a more than desirable amount of blood loss occurred through the cloth without pre- 
clotting (Fig. 4). Recently, nylon Fabrice 12 was used to replace a bifurcation in a man 
with a ruptured aneurysm. The cloth allowed only slight sweating of blood, but there 
was difficulty with the fragile needles when suturing the cuffed end of the graft at the 
iliac anastomoses. Nylon Fabric 13 appears to be better in this respect. Dacron 
(Fabries 14 and 15) has been used in two patients for replacement of the abdominal aorta and 


has handled very well. There was momentary sweating of blood when flow was re-estab- 
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lished, the only actual loss occurring at the anastomoses. Function has been satisfactory 
in all the clinical cases. A more detailed report of these experiments and clinical cases 
is planned at a later date.* 


DISCUSSION 
The synthetic materials described in this paper have been used as woven 
fabrics for blood vessel replacement for three years or less. Although ad- 
ditional time will be necessary to determine long-term function of such grafts, 
the early results are encouraging. Seales** has summed up the qualities most 
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Fig. 2.—Surface texture of several taffeta weave fabrics photographed at the same magni- 
fication with tangential lighting. A, Vinyon-N yarn of low denier and relatively hard twist 
made into an uncalendered fabric (Fabric 1, Table II), B, Orlon yarn of high denier and 
medium twist made into an uncalendered fabric (Fabric 2, Table II), C, nylon yarn of low 
denier and medium twist made into a high count, uncalendered fabric (Fabric 13, Table IT), 
and D, Dacron yarn of low denier and slack to medium twist made into a calendered fabric 


(Fabric 15, Table II). The last cloth has a very smooth surface because of moderately heavy 
calendering. 





*Since the presentation of this report, a nylon taffeta similar to Fabric 12 
used in three cases, and the Dacron fabrics have been used for aortic 
more patients. 
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Fig. 3.—(For legend see opposite page.) 
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satisfactory for a synthetic material for use in the mammalian tissues by 
stating that it should (1) not be physically modified by tissue fluids, (2) be 
chemically inert, (3) not excite inflammatory or foreign-body cell response in 
the tissues, (4) be noneareinogenic, (5) not produce a state of allergy or 
hypersensitivity, (6) be capable of standing up to mechanical strains imposed 
on it, (7) be capable of being fabricated in the form required with reasonable 
ease and relatively low cost, and (8) be capable of being sterilized without 


alteration. 





A. B. 


Fig. 4.—A, Arteriosclerotic fusiform aneurysm of abdominal aorta exposed at operation. 
The inferior vena cava is visible to the right side of the aneurysm. 

B, Following excision of the aneurysm, a bifurcation graft of a nylon taffeta was used 
to restore aortic continuity. Following an immediate loss of blood through the fabric, there 
is a sealing of the interspaces of the cloth by clot. 


Of the thermoplastic synthetic materials which we studied, it appeared 
that at this time only nylon, Vinyon ‘‘N,’’ Orlon, and Dacron were suitable 
fibers for a specialized fabric construction. Of these, Dacron appeared to 
have the most desirable qualities in the over-all evaluation. It had a rela- 
tively high melting point, comparable to that of nylon and Orlon fiber. There 
is very little water absorption, and no loss of tensile strength on wet testing, 
similar to Vinyon ‘‘N.’’ The tensile strength surpasses that of the others, and 
recovery from stretch is almost as good as that of nylon, and better than that 
of Orlon or Vinyon ‘‘N.’’ The resistance to pus, bacteria, and alkalis or acids 
of the order found in the tissues is excellent. The material does not burn, in 
contrast to Orlon, and beeomes sticky at a relatively high temperature. When 
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subjected to heat in the amount used for autoclaving, Dacron has no sig- 
nificant alteration, in contrast to marked shrinkage and development of brit- 
tleness by Vinyon ‘‘N”’ yarn. The electrostatic charge is said to be com- 
parable to that of Orlon. Since the strength of this charge may influence sur- 
face attraction of platelets and, hence, clotting, it may be desirable to have a 
negative polarity. This remains a theoretical consideration at present. To 
date, a carcinogenic potential of this synthetic fabric has not been demon- 
strated in rodents. Tissue reaction appears to be minimal, being less than 
that elicited by nylon. This makes the multifilament thread suitable for con- 
struction of a strong fabric with medium to low thickness. The latter quality 
may be important in fabrication of tubes for replacement of peripheral 
arteries. Thickness can be reduced further by calendering. Nylon, Vinyon 
‘*N’’ and Teflon are unsuited to this process for various reasons. 

Dacron fiber is round, like that of nylon, and hence in multifilament 
thread, the alignment is perhaps more uniform than with irregular filaments, 
such as those of Orlon or Vinyon ‘‘N.’’ The Dacron filament has a low di- 
ameter, as do the other materials, with the exception of Teflon and Saran. 


The qualities which appear to be the most important in the fabries are 
type of weave, surface texture, thickness, and porosity. The question of elas- 
ticity may be of interest in the further development of synthetic replacements, 
but this property is negligible in most satisfactory taffeta weaves, in which the 
threads are close together or have been ecalendered. Hufnagel** has sug- 
gested use of these fabrics on the bias to increase elasticity and response to 
pulsatile flow. There is an increased elasticity in braided or knitted (tricot- 
type) tubes being studied by several investigators. When maximum ‘‘give’’ 
has been reached in response to a repeated lateral thrust, or when such material 
is embraced and infiltrated by fibroblastic tissue, it would seem that elasticity 
would become negligible. 

Examination of the various types of weave commonly employed in com- 
mercial textiles indicated that the taffeta type was the most suitable to give a 
uniform surface. With regard to surface texture, it has been observed that 
high-denier multifilament thread or most deniers in monofilament yarn will 
produce a rough surface, as in Fabrie 2 (Fig. 2, B). Heavy ecalendering can 
smooth the surface considerably, as in Fabrics 9, 14, and 15 (Fig. 2, D). The 
use of low-denier multifilament threads pounded tightly to produce fabrie with 
a high thread count also results in smooth surface texture, as in Fabrics 7, 12, 
and 13 (Fig. 2, C). Of all the fabries tested, the smoothest surface was found 
in Fabries 14 and 15* (Table IT). 

The thickness of satisfactory fabrie to be used for aortic replacement may 
range from about 0.003 to 0.0075 inch or more. The material is too sheer and 
difficult to handle when the thickness is lower than 0.0025 inch. Conversely, 
a fabric is less suitable for use in smaller arteries if the thickness exceeds 0.005 
inch. Such a fabrie tends to buckle if a graft is too long, or to have coarse 
wrinkles if the diameter is too great. In addition, technical difficulties arise 





*Developed by Mr. Sol Lamport of Alexander Lamport & Bro., New York. 
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with standard vaseular suturing technique, especially since the ends of fabric 
grafts are generally euffed. It is possible with Dacron and nylon fabries to 
cut the end of the tube with a heated wire in such a manner as to fuse the 
threads at the edge and prevent fraying. It has still been considered safest 
to rely on cuffed ends in human eases, however. 

The porosity of a fabrie has been the subject of much discussion, and in 
this quality appears to lie the superiority of fabric replacements over the solid 
plastic tubes. The importance of permeability was emphasized by the recent 
report by Egdahl and associates.1* When vein-lined perforated polyethylene 
tubes were placed in sma!! peripheral veins of dogs, there was 90 per cent 
patency, compared to 10 per cent patency when vein-lined solid polyethylene 
tubes were employed. Poth*®? does not believe that there is a critical mesh 
size, and has had suecess with very porous synthetic fabrics. He permits clot- 
ting to oceur in the porous material while restricting blood loss by means of a 
temporary external layer of impervious material for three to five minutes. 
The advantages of open-mesh synthetic material to be used for external sup- 
port of tissue grafts or aneurysms were stressed in a previous publication from 
our laboratory.®° 

Among the fabries tested in this study, there was great variability in 
porosity, as measured by volume of air or blood passing through the cloth per 
minute. With regard to these measurements, there was close correlation of 
these values to measured size of interspace (Table Il). It was evident that 
with an air porosity of 100 or more there were large interspaces, even in fab- 
ries with thread counts in excess of 100 per inch. There was a free loss of 
blood through such a fabric, and treatment such as preclotting was necessary. 
Preclotting means the preliminary deposition of fibrin clot in the interspaces 
by exposure of the fabric graft to the patient’s whole blood before flow 
through the graft is established. The possible dangers and disadvantages of 
this have been recognized by Hufnagel and others.**: 74 In our opinion, it may 
not be desirable to preclot a fabrie or to have to rely entirely on the patient’s 
clotting mechanism in order to avoid serious blood loss. Consequently, a 
fabrie with an air porosity below 50 would seem preferable. Air porosity 
of between 4 and 24 cubic feet per minute was observed in fabries which 
merely sweat blood, yet permitted good fibroblastic growth between the 
threads. With only slightly higher porosity, blood loss was appreciable. On 
the other extreme, a fabrie which is almost impermeable may assume some of 
the less desirable characteristics of the solid plastic tubes. Growth of fibro- 
blasts through the eloth is minimal and an autogenous intimal lining may be 
formed less readily. Shumacker?? initially employed a nylon fabrie coated 
with a plastic (polythene or Lucite). Although some success was obtained, 
he has recently advocated the use of an uneoated, heavily calendered nylon 
filter cloth (Fabrie 9). Even this material has very low porosity. Long-term 
results with braided tubes of low porosity have not been reported. 

In reviewing the qualities of certain synthetic materials and fabrics which 
have been used for blood vessel replacement, we considered one of the 
ealendered Dacron taffetas (Fabries 14 and 15 developed by 8S. Lamport with the 
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advice of Himmelstein and Ravitch, Hufnagel, ourselves, and others to be 
as satisfactory as any. This fabrie resulted from a critical examination 
of many Daeron samples with varying thread count, denier yarns, and degrees 
of ealendering. Although this fabric has functioned well in the aorta of dogs 
for about one year, additional time will be required for final appraisal of this 
and other synthetic fabrics used in the vascular system. Among the nylon 
fabries tested, we favored Fabrics 12 and 13.* These are unealendered, high- 
count fabries produced commercially for typewriter ribbons. The fabrie which 
appeared best of the Orlons was Fabrice 3, obtained from du Pont by Wesolowski, 
and now being tested in our laboratory. This was an uncalendered, medium- 
count fabrie with very slack twist to the thread. The latter property reduces 
the size of the interspaces. 

The functional success with synthetic fabric, while encouraging, has not 
exceeded that achieved with homografts. In the original report, Voorhees and 
associates'® indicated complete patency was present in only six of eleven dogs 
studied at autopsy, and one of these survived only one day. There were two 
others with partial thrombosis, and three completely occluded. The four 
surviving dogs had good pulsations distal to the grafts which were in the 
abdominal aorta. Subsequently, an additional fifteen animals were reported.”° 
Three of the thirty died within the first day and patent grafts were found. 
One died at one week of hemorrhage from a suture line, and 10 per cent oc- 
clusion by thrombus was found. In two others, there was 25 to 40 per cent 
occlusion, and four had complete thrombosis of the graft. Excluding the three 
dogs with almost immediate deaths, and three with no information as to 
patency of the graft, there was complete patency in nineteen grafts of twenty- 
four observed from fifteen to 1,035 days. There appeared to be better suc- 
cess in the thoracic aorta, but there were only four animals studied. Later, 
D’Angelo and co-workers” reported their results with the same fabric. Of 
thirty animals, autopsy was performed on twenty. Twelve were completely 
patent, and eight had thrombotic occlusion. Their failures were related to in- 
fection, difficulty with the anastomosis, folds in the cloth, and the use of a few 
tubes of too small a diameter. Hufnagel** ** reported about 90 per cent suc- 
cess with Orlon fabric implanted into the aorta of dogs. In England, 
Easteott®! has had good results with an Orlon shirting fabric, in dogs and hu- 
man eases. We have had partial occlusion in one nylon (Fabrice 6) and one 
Dacron graft (Fabric 14) among twenty-four grafts implanted in the aorta 
of dogs. These two were in the abdominal aorta. Shumacker and Wesolowski 
have each observed calcification in the intimal fibroblastic zone of synthetic 
replacements in dogs. Funetion of fabrie grafts in the aorta of human eases 
of several investigators has been excellent. 

From these observations, several important conclusions can be drawn as 
to faetors contributing to failure. It is imperative that the fabries be free 
of impurities, especially of the soluble type. The prosthesis should be crit- 
ically fitted to the recipient vessel, both in length and diameter, in order to 





*Available through S. Lamport. 
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avoid folds or wrinkling. The cloth should be sewn with a double row of 
fine stitches of synthetic thread and fine needle to exact dimensions. Heat 
sealing may be insecure, unless reinforced by stitching. There should be meticu- 
lous vascular suture technique employed at all times, with closer sutures than usu- 
ally employed with aortie homografts. All bleeding should have stopped be- 
fore completing the operation. Strict precautions and prophylaxis against 
infection are essential. While the fabrics are impervious to pus, it is evident 
that infection contributes greatly to thrombosis. Following the appreciation 
of this need for unusually meticulous technique in shaping and implanting fabric 
prostheses, Voorhees was able to increase his functional suecess with Vinyon ‘‘N”’ 
grafts to over 90 per cent in the abdominal and thoracic aortas of dogs. 

The development of seamless tubes of synthetic materials is in response 
to a desire for a completely uniform inner surface and in an effort to impart 
greater elasticity to the prosthesis. To date, the surface texture of braided 
or knitted tubes is not nearly as smooth as can be achieved with the better 
taffeta fabrics, and it does not seem feasible to develop a calendering tech- 
nique for tubes. The great variation in diameter observed in the diseased 
human aorta and iliae vessels would necessitate a number of sizes and com- 
binations in bifureations being available. The ability to sew a flat fabrie 
to exact measurements, even during the progress of the operation will con- 
tinue to be of advantage in at least certain cases. The presence of a seam in 
replacements of the aorta and common iliae arteries of human patients has not 
yet led to failures, to our knowledge. It is conceivable that a seamless tube 
eould have a real advantage in peripheral arterial replacement, where the 
smaller diameter and longer length pose a problem. However, the thickness of 
these tubes, about 0.010 inch or more, may impede fibroblastic ingrowth. 
Hufnage!**: ** recently reported suecess with braided Orlon tubes, and Self 
and associates®? described the use of vinyl-coated braided nylon tube for aortie 
replacement in dogs. Edwards** has also reported use of braided nylon tubes. 
The trial of these replacements has been too short to draw comparisons with the 
fabrie prostheses. 

It is of real importance that the investigator and vascular surgeon have 
reliable sources of synthetic materials because of the presence of additives 
and possible toxie products in ordinary textiles available in the retail market. 
Poth*® has ealled attention to this factor in regard to experimental observa- 
tions which might not be confirmed as a result of such variables. Although 
it is difficult to obtain specifie technical and chemical information from the 
manufacturer of synthetic fabries, a reasonable effort should be made to ob- 
tain these data from the source in order to ensure maintenance of a uniform- 
ity of finished product. We feel that use of synthetic materials for blood 
vessel replacement, whether a flat fabric or seamless tubes, has been satis- 
factory, especially in major arteries. An effort should continue to improve 
existing materials and techniques, especially for use in veins and smaller ar- 
teries. It is hoped that investigators will furnish complete data in their re- 
ports and inelude long-term observations, so that a eritical comparison of 


‘ mm 
results may be possible. 
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SUMMARY 


An analysis of synthetic materials and fabrics being used for blood vessel 
replacement is presented. From a consideration of the physicochemical char- 
acteristics of nylon, Vinyon ‘‘N,’’ Orlon, Dacron, Teflon, and Saran, it ap- 
peared that Dacron might be the best material, with Orlon and nylon as close 
second choices, for specialized fabric construction. A study of sixteen fabries 
indicated that a taffeta weave was most suitable. Smooth surface contour 
could be achieved by use of low-denier, multifilament yarn, and by ecalender- 
ing process. A certain degree of porosity was considered desirable, which 
would permit early ingrowth of fibroblasts, but without excessive blood loss 
at the time of implantation. The results of several experimental and clinical 
series in which synthetic fabrics were used to replace defects of the aorta were 
quite encouraging. Further development of these materials, including seam- 


less tubes, is in progress. 
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DISCUSSION ON ‘‘CHEMICALLY TREATED NYLON TUBES AS ARTERIAL GRAFTS’? BY DR. W. 
STERLING EDWARDS AND DR. JAMES S. TAPP,* AND ‘‘AN EVALUATION OF SYNTHETIC MATERIALS 
AND FABRICS SUITABLE FOR BLOOD VESSEL REPLACEMENT’’ BY DR. R. A. DETERLING, JR., AND DR. 
SHIVAJI B. BHONSLAY. 

DISCUSSION 


DR. F. JOHN LEWIS (Minneapolis, Minn.).—I would like to illustrate still another 
way of making a synthetic vessel. 

My interest in vessel replacement stems from a healthy local pride. Last spring a 
physician in Milwaukee called Minneapolis and wanted to send over a patient with a 
bleeding abdominal aneurysm, but he was shocked and discouraged to find that we did 
not have any homografts available in Minneapolis. It has been hard to keep a supply of 
them. Apparently, when people die around Minneapolis they are so old that their arteries 
are not much good, or else if they freeze to death while still young, as they occasionally 
do in this season, most of us do not bother to go out and get them, The Milwaukee phy- 
sician called around all through the Midwest and finally had to send the patient to Phila- 
delphia, and this was a source of intense embarrassment to me and some of the other mem- 
bers of the Department. So I am gratified to report to you now that we have a type of 
synthetic vessel in Minneapolis that has pushed the frontiers of vascular surgery far west 
of Philadelphia, and I think it may be possible to practice vascular surgery with this 
material, even in communities like Milwaukee. 

(Slide.) This is not made of fabric. It is Ivalon sponge and, as you can see, it is 
white, clean; it has a pleasurable sensation to touch when moist, it is elastic in contrast 
to fabrics which have been described; it keeps its form and does not collapse during 
suturing. The thickness of its wail is about the same as that of a normal artery and it 
gives you the impression of working with a fresh homograft when you are placing it. 
It holds the sutures well, blood does not leak through it, although it is porous, and hence, 
like all homografts, it is invaded with fibrous tissue in time. It can be made in any de- 
sign, the designs being limited only by the imagination. The molds for the grafts have 
been made with a hacksaw, some old copper tubing, and a bit of ‘‘do-it-yourself’’ alu- 
minum. To make the grafts, the Ivalon sponge, which most of you are acquainted with, 
is cut into sheets of 3 to 4 mm. in thickness and wound around the form. They are com- 
pressed with a metal shell, the material is then boiled, and it keeps any form it is held 
in during boiling. It can be dried on the form and kept that way in a set of various 
sized grafts. It has been very successful in dogs; we have used it most for straight re- 
placements and for bifurcations. 

Here is one human being on whom it was used. This is the sixth day postoperatively, 
when the specimen was removed at autopsy. (Slide.) This is the inside of the graft; you 
can see it looks in the human being about as it did in the dog. The patient, unfortunately, 
succumbed to renal failure. His aorta had been clamped for approximately three hours 
while various attempts were made to fit a number of homografts that had been flown out 
from Seattle. They did not work, and so we had a chance to put this in. 


DR. FERDINAND F. McALLISTER (New York, N. Y.).—Since the introduction by 
Drs. Voorhees, Jaretzki, and Blakemore of Vinyon-N cloth for blood vessel substitution, 
we have employed it extensively at the Presbyterian Hospital for replacement of the aorta, 
iliac and femoral arteries for lengths up to 38 em. We have, however, been distressed 


*See page 61 for article by Drs. Edwards and Tapp. 
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by the excessive leakage of blood through the cloth, especially in small vessel replacement 
such as the femoral artery. This leakage requires frequent occlusion in order to prevent 
excessive blood loss and shock, and thus predisposes to clotting. Hence, we have been casting 
about for other weaves of Vinyon-N or other synthetic materials of lower porosity; so I think 
it especially timely at this time to have a meticulous analysis of the plastic cloths such 


as Dr. Deterling has made. 


DR. WILLIAM H. MORETZ (Salt Lake City, Utah).—It is too early to say much 
about the work which we are doing on the tensile strength of these various plastic ma- 
terials after they have been implanted in the abdominal wall of dogs. However, in the 
few observations that we have made, we have been rather alarmed at the rapid loss of 
strength, particularly of nylon and Orlon, and less so with Vinyon and Dacron, within 
as short a period as four months. 

We do not vet have long-term studies to determine whether or not this rather rapid 
decrease in strength is continuous and progressive up to the point where they become 
too weak to withstand the arterial pressure. But the appreciable loss of tensile strength, 
up to about 50 per cent of the origina! in some instances, within a few months, makes 
us quite leery about using these materia!s to replace segments of the human aorta. 


DR. EDGAR J. POTH (Galveston, Texas).—We have been interested in these prob- 
lems from a littie different point of view. We have not used single layers of material. 
We believe it is undesirable to rely upon a single layer of fabric which, when examined 
closely, reveals extensive breaks not infrequently. We have used multiple layers. This 
type prosthesis is well tolerated, but they must be placed in a specific manner. You cannot 
make a muitiple-layer tube and put it in because blood will collect and clot between the 
layers and obliterate the lumen. You must put the inner liner in first. This concept of 
an ‘‘inner liner’’ has led us to consider various and sundry materials including autogenous 
vein grafts as the inner liner. The importance of tailoring the prostheses to close meas- 
urements was recognized early in our studies. I should like to take the frontier of tailor- 
ing away from Minnesota and move it back down to Texas. (Slide.) This slide shows 
the mechanism we use to hold the material. Either straight tubes or tapered tubes are 
readily tailored, and tapered tubes are required when both aorta and iliac arteries are 
replaced. 

These prostheses are made at the operating table under aseptic conditions. The 
measurements are taken before the vessels to be replaced are removed. A stock of various 
sizes and lengths of prosthesis are not required. 

This second slide illustrates the technique by which the use of bifurcations is elim- 
inated. Two simple tubular prostheses are sewed together and anastomosed to the re- 
cipient vessel as a circular prosthesis. These techniques have been used both experi- 
mentally and clinically, 

At present, we can conclude that these inert materials can be put in and function 
temporarily. Ultimately, these inert materials may not prove satisfactory because caleium 
is being laid down in some of these materials. It occurs quite early and is probably most 
extensive in Orlon. This tendency may preclude the use of inert prostheses as permanent 


replacements, 


DR. W. STERLING EDWARDS (Closing).—I think this has been a very illuminating 
discussion to me and to many of us interested in this problem. The comments about the 
weakening of all fabries after being implanted for a certain length of time are most impor- 
tant, and we are glad to hear of studies being carried out along these lines. The reason we 
chose nylon initially is that the textile chemists informed us that this fiber is considerably 
stronger than other fabrics such as Orlon, with greater tensile strength and durability. The 
nylon thread used in grafts reported here is the same thread used in automobile tire cord, 
which certainly has to withstand considerable pounding. We think the most important con- 


sideration in choosing a fabrie will prove to be its strength, although only time will tell 
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whether this is correct. We do not believe that the type of weave or smoothness of the in- 
ner surface is going to make too much difference, because fibrin so rapidly covers the inside. 

In one respect, we seem to differ from others working in this area, in that we wish to 
get away from the necessity of tailoring each graft in the operating room. This leaves the 
surgeon at the mercy of the nurse or assistant doing the tailoring, and is subject to ad- 
ditional technical errors. If fabrie grafts are to see widespread use by many surgeons, it 
would seem safer to develop adequately tested prefabricated tubes of various shapes and 
sizes. As far as exact tailoring is concerned, it has been our experience that as long as 
the graft is slightly smaller in caliber than the host vessels, thrombosis is unlikely to 


oecur, 


DR. RALPH A. DETERLING, JR. (Closing).—I think the discussion has been very 
pertinent. In regard to prefabricated sizes, we recently had a case in which a replace- 
ment of the abdominal aorta required a straight tube, approximately 5 em. long and 
tapering from 3.6 em. down to 1.6 em. It is inconceivable to me that we could get such 
variety from a commercial manufacturer as to have an odd shape like that available. 
In other words, I think there are times when one is going to have to fashion the graft at time 
of operation, 

In respect to the comment of Dr. Edwards that a tube narrower than the aorta 
would seem satisfactory, it may be of interest that in D’Angelo and Grimson’s article, they 
indicate that failure in two of their grafts occurred because the tubes had a lesser di- 
ameter than that of the recipient aorta. We must admit that there is a lot to be learned 
yet. 

Dr. Lewis cites a recent experience with Ivalon in the abdominal aorta that might 
seem encouraging. Several years ago we got this material through Dr. John Grindlay 
and finished a study about one year ago which is not yet reported, but which disturbed 
us greatly. When the material was used in the abdominal aorta of dogs, it did function 
but a marked inflammatory reaction was noted. When used in tubular form in the thoracic 
aorta, we had 100 per cent ruptures through the material. Finally we had to use a syn- 
thetic mesh about it to keep it intact. It would seem that more work on Ivalon by ad- 
ditional investigators might be worth while before we get too enthused about it, at least 
for use in the thoracic aorta. 

Dr. Moretz is indeed justified in recommending caution with synthetic fabrics. There 
has been too much of a trend, I think, for the surgeon to try to use anything that is 
available, although we sometimes are justified in doing so in emergency status. I do think 
it has been shown that the filament size of nylon, Dacron, Orlon, and Vinyon is about the 
same, and that they have about the same tensile strength, running about 4.5 to 6.5 Gm. 
per denier. Our studies have not included critical studies of tensile strength after im- 
plantation, but this certainly should be included, Dr. Voorhees has done that for 
Vinyon-N fabric and I do not believe he has observed a significant loss after two years 
in the aorta of dogs. 

Dr. Poth has presented a very ingenious technique for producing bifurcations from 
straight tubes, which should be of real interest to those working on seamless tubes, It is 
a very worth-while method to have available. In light of our present knowledge, I do 
not quite agree that one needs multiple layers of synthetic fabrics. After all, we rely on 
one row of 00000 silk suture material in the anastomosis, which is far weaker than any 
one layer of the synthetic fabric that is being put in. In conclusion, I wish to thank the 
diseussors and think our aims are not in disagreement. I hope our analysis will encourage 


more critical investigation in this field. 
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I. INTRODUCTION 


OLLOWING the publication of a method for the determination of free 17- 

hydroxycorticosteroids in peripheral blood,’ there have been a number of 
studies reported in the literature utilizing this measurement as an index of 
adrenal cortical activity in the ACTH-treated and surgically stressed human 
being. In reviewing this work, it becomes apparent that values are frequently 
seen in postoperative patients which are greater than those produced by maxi- 
mal ACTH stimulation in the normal subject. The occurrence of this phe- 
nomenon was suggested in the work of Nelson and associates,? Moncrief, Weich- 
selbaum, and Elman,* and Franksson and Gemzell.t The recently published 
work of Tyler and his co-workers** and our own studies® '° have adequately 
confirmed its existence. 

This phenomenon is more clearly brought into focus by studies of the 
response of postoperative patients to intravenous ACTH and hydrocortisone. 
Following maximal adrenal cortical stimulation in the normal adult,’° blood 
levels of free 17-hydroxycorticoids in the range of 30 to 45 gamma per cent are 
the rule. This is contrasted to levels of 60 to 70 gamma per cent which we have 
observed following ACTH administration to patients during their early surgical 
convalescence. This augmented response to ACTH appears to be a transient 
one and disappears with the progress of recovery. That these results may indi- 
cate a degree of adrenal hyperplasia as a result of repeated stimulation seems 
unlikely, since we have been unable to produce consistently augmented blood 
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corticoids as a Measure of Adrenal Activation in Trauma” by R. W. Steenburg and F. D 
Moore. 
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levels with repeated ACTH infusions at one- to two-day intervals. Further, 
Tyler and associates* have reported that blood levels resultant upon standard 
hydrocortisone infusions in postoperative patients are significantly increased 
over those seen with an identical infusion in the same patients preoperatively. 


It seems axiomatic that any given blood level of free 17-hydroxycorticoster- 
oids is the result of a summation of factors related not solely to the rate of pro- 
duction of these steroids, but equally to their rate of conjugation, conversion, 
and excretion. Indeed, Bayliss"! has stressed this fundamental concept, and 
Tyler and co-workers® have interpreted their results in the surgical patient as 
indicative of a delay in the rate of hepatic conjugation of the steroid hormones 
measured. Direct evidences for the occurrence of such a metabolic defect are 
few. Further, the degree to which such a mechanism is quantitatively signifi- 
cant in determining the endocrine environment of a traumatized subject is 
unknown. Accordingly, the present experiments were undertaken to demon- 
strate the relative significance of such quantitative differences as might occur 
when constant exogenous doses of steroid hormone were administered to adrenal- 
ectomized animals who were subjected to varying conditions of anesthesia and 
surgery. 

Il. MATERIALS AND METHODS 


The method of Nelson and Samuels! was used for the determination of the free 17- 
hydroxycorticoid content of plasma. Results are expressed and charted in gamma per cent. 
Chemical reproducibility and recovery data obtained with this technique in our laboratory 
are presented in Fig. 1. 

Eosinophils were counted by a modification of the method of Dunger.12 A control 
value was determined on each animal at the beginning of each experiment. Subsequent 
experimental results are charted as a per cent change from this control value. 

Adult male mongrel dogs weighing from 9 to 17 kilograms were used. Adrenalectomies 
were accomplished in two stages at fourteen-day intervals through the dorsolateral approach, 
resecting the last rib. The preoperative diet of Ken-L Biskit* was supplemented following 
adrenalectomy with canned milk and added sodium chloride. Two 25 mg. desoxycorticosterone 
acetate pellets were implanted subcutaneously at the time of adrenalectomy. This maintenance 
was supplemented by the oral administration of 5 mg. of hydrocortisone every other day as 
demanded by the animal’s condition. A stabilization period of two weeks was allowed each 
dog following adrenalectomy before the experiments were begun. Forty-eight hours was 
allowed between each procedure and following the last oral dosage of hormone, before the 
next experiment was undertaken. With this procedure, control blood levels were consistently 
negligible. 

The response of each adrenalectomized and normal dog to ACTH was determined by 
the intravenous administration of 20 international units in 60 ¢.c. of normal saline solution 
over a period of thirty minutes. Blood levels of 17-hydroxycorticoids were determined at 
one and two hours following the beginning of the infusion. Eosinophil counts were measured 
at two and four hours, 

The animals were then subjected to three different experimental procedures, during 
each of which an identical infusion of hydrocortisone was given intravenously. These 
infusions, consisting of 12.5 mg. of free aleohol hydrocortisone in a volume of 250 c.c. of 
physiologic saline solution, were delivered from a graduated cylinder. A constant rate of 
flow was controlled through a Murphy drip, such that each infusion was delivered over a 


period of exactly four hours. 


*Quaker Oats Co., Chicago. 
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Duplicate infusions were first administered during a period of four hours in which the 
animal was immobilized in a specially constructed cage. Second, an identical infusion was 
delivered during a four-hour Pentothal-induced, positive-pressure endotracheal ether anes- 
thesia. Finally, a laparotomy-splenectomy (or operation of similar magnitude) was 
performed on each animal during the first two hours of a similar four-hour ether anesthesia. 
Each operative procedure was timed to last exactly one hour. Three of the five adrenalec- 
tomized dogs were subjected to an additional operative procedure during which they received 
a 250 e.c, infusion of saline solution without added steroid. 


REPRODUCIBILITY 
NORMAL SERUM 














4.6 6.4 8.4 
5.7 8.4 10.4 
3.8 6.7 10.1 
6.5 6.9 10.1 
2.7 oY 11.0 
5.2 6.2 9.6 
4.9 5.9 9.3 
3.0 6.4 83 
M 4.55 M 6.83 M 9.65 
sd 1.32 — 29% sd 0.88 — 12.9% sd 0.95 — 9.85% 
RECOVERY OF CORTISONE 
FROM NORMAL SERUM 
Caleulated: 19.0 Caleulated: 28.35 Caleulated: 47.05 Caleulated: 60.88 
Recovered: Recovered: Recovered: Recovered: 
18.3 26.7 50.7 57.7 
20.7 28.8 49.6 oe 6 
20.7 29.3 50.5 1 
19.4 31.6 45.2 55, 1 
18.8 27.6 47.0 58.4 
20.4 31.0 49.2 54.7 
M 19.72 M 29.17 M 47.05 M 59.94 
sd 104 — 5.25% sd 2.08—7.14% sd 2.17 — 4.62% sd 5.58 = — 9.31% 





Fig. 1.—Reproducibility and recovery ‘data on normal human serum using the ‘method 
of Nelson and Samuels.! 

A series of eight individual determinations on three samples of normal human 
is presented above. 

To an aliquot of this normal serum, cortisone was added in known amount. The indi- 
vidual analytic results are presented with their means and standard deviation of individual 
values. The theoretical (calculated) quantity is determined from prior multiplicate analysis 
of the serum to which known quantities of steroid were added. 





serum 


Upon completion of the series of experiments, each adrenalectomized dog was autopsied.” 
A eareful gross search was made for residual adrenal tissue, and tissue blocks from the 
adrenal fossae and periaortic areas were secured for serial microscopic sections. In no 
instance was there gross or microscopic evidence of adrenal remnants. 

These experiments were performed on five adrenalectomized dogs. To permit contrast 
of a normal response to these procedures, two normal animals were also studied. The normals 
were subjected to the same immobilization, anesthesia, and anesthesia plus surgery. During 
the course of each procedure they received a four-hour infusion of 250 ¢.c. of physiologic 


saline solution without added hormone. 

*The course of each of these adrenalectomized dogs subsequent to the present experiments 
is of interest. Dogs 240 and 116 died during the first thirty-six hours following operation 
with the simultaneous infusion of hydrocortisone. Dogs 229 and 91 were moribund upon the 
completion of the experiment of operation without intravenous hormone replacement. Both 
were accordingly sacrificed at that time. Dog 122 was sacrificed eighteen hours following 
the last experiment. 

















Volume 38 INFLUENCE OF EXTRA-ADRENAL FACTORS 95 


Number 1 
Ill. RESULTS 
A. Adrenalectomized Animals.— 
1. Response to ACTH: Results of the ACTH tests on each of the adrenal- 
ectomized animals are presented in Fig. 2. It is evident that in none of the 
dogs was there a significant rise in plasma corticoid levels. 
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Fig. 2.—ACTH response of adrenalectomized dogs. 

Representing the eosinophil (above) and plasma 17-hydroxycorticoid (below) responses 
to the intravenous administration of 20 units of ACTH over a period of thirty minutes. 
Eosinophils are plotted as a per cent change from the control value determined at zero 
hour. Plasma corticoid levels are plotted in gamma per cent. 


2. Response during immobilization: The curves of plasma corticoid levels 
resulting from the standard infusion in the immobilized, adrenalectomized ani- 
mals are presented in Fig. 3. The biologie reproducibility of the total method 











96 STEENBURG AND GANONG oS 


is evident from the variation between duplicate runs in four of the five dogs. 
The mean four-hour value in this series was 15.5 gamma per cent, with a standard 
error of 1.4. The eosinophil responses observed during these experiments are 
presented on the same chart. The mean fall of this value at the end of the 
infusion was 80.8 per cent, with a standard error of 4.1. 
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Fig. 3.—Responses of adrenalectomized animals to the standard hydrocortisone infusion 


during immobilization. 
Individual curves on each dog and date on which each experiment was performed 
evident from the insert. 


are 


3. Response during anesthesia: When an identical infusion was adminis- 
tered to the same dogs under Pentothal-ether anesthesia, a remarkably different 
set of curves was observed. These results are presented in Fig. 4. The mean 














Stone 2 INFLUENCE OF EXTRA-ADRENAL FACTORS 97 
plasma eorticoid level at the end of the infusion in this group of experiments 
was 51.4 gamma per cent, with a standard error of 3.3. Reference to the preced- 
ing figure will readily demonstrate that the curve in each individual dog is 
significantly higher than was observed in the former experiment. The mean 
eosinophil fall at the same time was 60.4 per cent, with a standard error of 7.1. 
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Fig. 4.—Standard infusion of hydrocortisone on the anesthetized, adrenalectomized animals. 


4. Response during surgery: The four-hour corticoid levels in these animals 
receiving the standard steroid infusion during laparotomy under Pentothal- 
ether anesthesia are evident in Fig. 5. These values are distributed about a 
mean of 24.1 gamma per cent, with a standard error of 2.9. In each individual 
dog, increased levels were observed in contrast to those in the control, immobili- 
zation experiment. The corticoid values in four of the five dogs, however, did 
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not reach sueh high peaks as were measured with anesthesia alone. It is inter- 
esting that on one oceasion sustained values were seen at six and eight hours. 
A repeat observation on this animal failed to demonstrate this as a constant 
phenomenon. The mean eosinophil fall in this experiment at the end of the 
infusion was 74.8 per cent, with a standard error of 5.0. 
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Fig. 5.—Response in the adrenalectomized animals maintained under anesthesia during 


the standard infusion of hydrocortisone with the addition of laparotomy (duration of procedure 
indicated by the stippled area). 

In the three adrenalectomized dogs subjected to anesthesia and laparotomy 
without the infusion of steroid (Fig. 6), no significant rise in plasma corticoid 
levels was observed. An interesting finding in this experiment was the resultant 
mean 70 per cent eosinopenic response in the absence of detectable rises in the 
circulating 17-hydroxycorticosteroids. 
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B. Normal Animals.—Results in the normal animals are presented in 
Fig. 7. The ACTH infusion in each dog produced a steady rise in plasma corti- 
eoid values to the range of 7 gamma per cent at the end of two hours. Im- 
mobilization produced similar curves in each animal with peak corticoid levels 
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Fig. 6.—Effect of anesthesia and laparotomy on the eosinophil counts and plasma 17-hydroxy- 
corticoid levels in the adrenalectomized dogs which were given no exogenous steroid. 


in the range of 12 gamma per cent, and an 88 per cent eosinophil fall at four 
hours. The corticoid values at two and four hours during anesthesia were 
quantitatively similar to those seen during immobilization. There was a second- 
ary rise in one animal at six hours during recovery. Following operation, the 
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plasma levels rose to values quite comparable to those seen in the previous ex- 
periments in these normal dogs. These levels were maintained in both at six and 
eight hours. The most rapid eosinophil fall in each animal was seen during 
immobilization. 
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Fig. 7.—Response of the normal dogs to ACTH, immobilization, anesthesia, and operation. 
These animals received an intravenous infusion of physiologic saline solution during each 





of the last three experiments. 


IV. DISCUSSION 


From their studies of the adrenal venous concentrations of free 17-hydroxy- 
corticoids in dogs, Hume and Nelson'* have estimated the maximum adrenal 
production rate of these steroids. This work served as a basis for selection of 
the infusion rate of hydrocortisone used in the adrenalectomized animals in 
these experiments. The peak blood levels measured at the end of each four- 
hour infusion in the immobilized, adrenalectomized dog were similar to those 
observed in the normal animals subjected to the same immobilization, but given 
no exogenous steroid. The infusion dosage (52 gamma per minute) appears 
to be a physiologic one, nearly approximating the endogenous 17-hydroxycortico- 
steroid production rate achieved in the normal response to this procedure. 

The response of the normal dogs to a four-hour period of immobilization, 
as measured by the corticoid rise and eosinophil fall, leaves little deubt that 
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this represents a significant ‘‘stress.’’ Indeed, immobilization has been used 
in these laboratories as a standard stress.1* This procedure cannot be con- 
sidered a ‘‘normal’’ control. It does, however, represent a control in which 
considerable emotional stimulus is accompanied by no pain, tissue damage, or 
possible toxie effects of such chemical agents as ether. 

Four hours following the induction of anesthesia in the normal animals, 
blood corticoid levels of 11 and 12.3 gamma per cent were measured. This level 
is nearly the same as that observed in these normal animals following immobili- 
zation alone. If this quantity is considered to represent a direct measure of 
adrenocortical activity, these observations in the normal animal alone might 
lead to the conclusion that these ‘‘stresses’’ of immobilization and anesthesia 
are quantitatively similar. The data on the effect of anesthesia on the blood 
levels in the adrenalectomized dogs receiving a constant exogenous supply of 
hydrocortisone make this conclusion untenable. Blood samples drawn follow- 
ing the completion of the infusion in the anesthetized, adrenalectomized animals 
contained approximately twice the concentration of free 17-hydroxycorticoids 
found in the samples at the completion of the control infusions. Statistically, 
the difference between these sample means of 16.0 gamma per eent is significant 
(P <0.01). It is quantitatively possible, then, that the levels in the normal 
anesthetized dog could have resulted in the absence of an increase in the rate 
of adrenal cortical hormone production over the resting state. 

With the addition of operation in these adrenalectomized animals, blood 
levels at four hours were again greater than those produced by the control 
infusion when the animal was awake. The difference (8.7 gamma per cent) 
between the means of these experimental values is ‘‘probably’’ significant (P 
<0.02). With the exception of one animal, the rise following operation was 
less than that seen after anesthesia alone. The difference, however, is not 
statistically significant in this series. 

In the three adrenalectomized dogs which received saline infusions during 
the course of anesthesia and laparotomy, no significant rise in the blood levels 
of 17-hydroxyeorticoids was found. This observation serves as an additional 
control on the completeness of adrenalectomy. It further rules out the possi- 
bility of the extra-adrenal production of compounds which may interfere with 
the chemical assay used, and the conversion of steroids produced in extra- 
adrenal sites to measurable 17-hydroxycorticoids. 

It is apparent that the blood levels of free 17-hydroxycorticoids in adrenal- 
ectomized animals following identical infusions of hydrocortisone are variable 
under the different conditions of these experiments. Significantly augmented 
levels were consistently observed with the addition of anesthesia and operation 
in contrast to those seen when the animals were in a more normal state. The 
mechanisms responsible for this phenomenon are unknown. A number of. in- 
vestigations offer indirect evidence that it is in part resultant upon a depression 
of hepatic conjugation of the free 17-hydroxyecorticoids. Brown and his co- 
workers* have shown that the rate of disappearance of injected hydrocortisone 
is delayed in the presence of chronic hepatic disease. It is known that depres- 
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sion of certain hepatie functions may accompany anesthesia and surgery. Fur- 
ther, the renal exeretion of total corticoids and of biologically assayable ‘‘corti- 
eoid’’ activity has been demonstrated to correlate directly with the glomerular 
filtration rate in dogs.’ Changes in renal function resulting from the events 
of surgery, then, may similarly play a role in the production of these increased 
plasma levels of the free hormone. In patients undergoing major surgical pro- 
cedures under spinal anesthesia, blood levels in exeess of those anticipated fol- 
lowing maximal adrenal stimulation in the normal subject have been observed.® *° 
It seems unlikely, then, that the present results are wholly explained by some 
specifie effect of the anesthetic agents used. 

These preliminary observations have suggested several implications which 
appear to be of biologic importance in the endocrine response to trauma. First, 
they re-emphasize the dictum that the peripheral blood level of any substance 
is the resultant of a balanee between production and destruction, utilization 
and excretion. In the present instance, peripheral 17-hydroxyecorticoid levels 
alone are not a reliable index of adrenocortical secretion; indeed, the data indi- 
eate that a rise of at least 15 gamma per cent can occur in the absence of signifi- 
‘ant activation of the pituitary-adrenal axis. 

Second, the data illustrate an ancillary, extra-adrenal mechanism by which 
an inerease in the level of free 17-hydroxyecorticoids may occur in response to 
surgical stress. Since the conjugated adrenal hormones are probably biologically 
inactive, the net effect is the presentation. of more active hormone to the tissues 
than is possible with increased adrenal secretion alone. 

Third, there is suggested an alternative hypothesis for the interpretation 
of the work of Ingle and others,’*-*° which has previously suggested the ‘‘per- 
missive’’ action of adrenal hormones in the metabolic response to injury. In 
his classic experiments, Ingle demonstrated that the increase in nitrogen 
catabolism, which is characteristically associated with the response to trauma, 
may be reproduced in the adrenalectomized animal maintained on constant 
dosage of adrenal cortical extract and subjected to fracture. This response to 
trauma does not occur, however, in the untreated, adrenalectomized animal. 
These experiments have been interpreted to indicate that the adrenal steroids 
are not responsible for the occurrence of the catabolic phase of response to in- 
jury, but that their presence is necessary for its occurrence. Thus, the adrenal 
steroids are considered to ‘‘permit’’ this biologie response, which is mediated 
by some other (and as yet unidentified) stress-induced agent. An alternative 
hypothesis, based on the present experiments, is suggested. These data show 
that following surgery there is a delay in the intermediary metabolism and/or 
excretion of the free, biologically active, cortical steroids. Thus, this mechanism 
may explain, without the interposition of a secondary agent, the apparent in- 
creased biologic effect of a given hormone dosage in the adrenalectomized animal, 
subjected to trauma while on a constant dose of hormone. 

The curves of eosinophil counts measured in the course of these experiments 
in adrenalectomized dogs demonstrate an interesting paradox. The most pro- 
found eosinopenia was observed when the animals were immobilized and when 
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they were operated upon. Thus, the most profound drop in the eosinophil count 
was incurred in those procedures wherein the lower blood corticoid peaks were 
observed. A significant drop in the count was further seen in the three adre- 
nalectomized animals which were operated upon without replacement hormone, 
and in the absence of a demonstrable rise in the circulating corticoid levels. It 
seems apparent that the eosinophil count is sensitive to substances other than 
these measurable ones of adrenal cortical origin and, further, that these sub- 
stances are present in increased amounts in the surgically stressed animal. 


V. SUMMARY 


1. Identical infusions of hydrocortisone have been administered to a series 
of adrenalectomized dogs who were subjected to immobilization, anesthesia, and 
surgery. The free plasma 17-hydroxyecorticoid concentration has been followed 
in these experimental preparations. 

2. A significantly higher plasma level of corticoids occurred in the anes- 
thetized and operated animals than was found in the conscious, immobilized 


ones. 

3. Two normal dogs were subjected to the same procedures during which 
they received an infusion of physiologic saline solution without hormone. Their 
response is compared to that seen in the adrenalectomized, hydrccortisone-treated 
animals. 

4. The data indicate that surgical trauma activates a mechanism which 
delays the disappearance of free 17-hydroxycorticoids from the peripheral 
circulation. 

5. The implications of this finding are discussed. 


We gratefully acknowledge the generous help, advice, and constructive criticism of Dr. 
Francis D. Moore. 
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DISCUSSION 


DR. DAVID M. HUME (Boston, Mass.).—Dr. D. Nelson and I have been doing a 
study on dogs in which we cannulated the adrenal vein and measured adrenal vein blood 
17-hydroxycorticosteroids. Under these experimental conditions, of course, one is measuring 
only the steroid secreted by the adrenal, and not the changes in conjugation which may 
affect peripheral levels. Operative trauma and ACTH, injected either during operative 
trauma or at a later date, give responses of exactly the same magnitude. Therefore, this 
would lend support to Dr. Steenburg’s interesting observations, in that since the output of 
the adrenal under these circumstances remains the same, the changes which take place in 
peripheral levels of corticosteroids would logically appear to depend on variations in the 
rate of destruction of these substances, 


DR. R. W. STEENBURG (Closing).—The suggestion that there is an increased biologic 
effeet of cortical steroids in trauma as a result of a defect in their intermediary metabolism 
serves as an interesting hypothesis. Present chemical studies of the intermediary products 
of steroid metabolism suggest that it is reasonable. 


eventual biologic test. 


It remains, however, to be put to its 











LOCAL LIPID SHIFTS IN BURNS 
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and the Seattle Veterans Administration Hospital) 


it ley low melting points of mammalian fats make them more susceptible 
to physical changes in the presence of temperature variations. The vari- 
ability of melting points of subcutaneous fats over different areas of the body 
suggest that temperature differences may play a role in the distribution of 
these lipids. If this were possible in the physiologic state, it was reasoned 
that similar changes might occur in the acute, pathologie state during and 
after thermal injury. <A preliminary series of experiments showed that there was 
an inerease in lipid in lymph draining from a burn in the first few hours after 
burning.’ This increase, as noted in the dog, was one of rather gross propor- 
tions; however, the components of this lipid shift and its source were not de- 
termined. This study has been continued to try to: (a) determine a source 
for this mobilized lipid, and (b) more quantitatively examine the lipid ob- 


tained via the lymphatics. Because of the close relationship between the 
melting point and the chemical make-up of each lipid, it seemed possible that 
thermally degraded lipids might be found following burns. 

This report is a further note on the nature of lipids mobilized by an ex- 
perimental burn as to source, constituents, and quantity. 


METHODS 


In searching for the source of the mobilized lipid, two approaches were used. 

(1) A series of 1 by 3 em. burns was made on the dorsolateral surfaces of young 
Chester white pigs, previously anesthetized with veterinary Nembutal. These burns were 
made by the projected positive crater of a standard commercial motion picture are with 
an energy input of 40 amperes and 208 volts A.C. The carbons were cerenium-cored and 
the crater was projected by a front-surfaced parabolic mirror for fifteen- to twenty-second 
exposures. The burns were excised immediately, together with adjacent skin, and were 
carefully freed of all adherent subcutaneous fat. Samples were taken for histologic ex- 
amination, 

Uniform samples of approximately 1 Gm. each from the burned and adjacent normal 
skin were minced to 2 to 4u size and dried under a vacuum. The residue was extracted for 
lipid with several solvents but most commonly chloroform-acetone, 3:1. Total lipid was 
determined by dry weight. Lipid phosphorus, as an index of phospholipid, was determined 
by a modification of a method devised by Hoagland.4 Other determinations for choles- 
terol and glycerol were made if sufficient material remained. 


This investigation was supported by the Medical Research and Development Board, Office 
of the Surgeon General, Department of the Army, under Contract DA-49-007-MD-419. 
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The tissue removed for histology was frozen, cut to 6 to Su thickness, and stained 
immediately with fat stains. The sections were mounted in glycerol, examined, and 
photographed immediately. No fat solvents were used in fixing, or cleaning. Prompt 
examination negated the solvent action of glycerol. 

Another series of burns in the anesthetized dog’s foot were produced by dipping the 
foot up to the hock in water of 70° C. for one minute. Prior to this a parasaphenous 
lymphatic had been cannulated and suitable control samples of lymph obtained. Lymph 
collection continued for two to six hours after the burn. The lymph was lyophilized, and 


then treated much as the skin. 


pig shows 


Fig. 1.—A photomicrograph of the epidermal bleb in a mild are burn on a 
(Oil red 


deposition of phospholipid. The phosphatide shows as dark spots in the vesicles. 
0-hematoxylin. X<100; reduced %.) 
RESULTS 

The histologic studies of pig skin burned with the are showed a deposi- 
tion of phospholipid, as shown by oil red 0 staining, in the pseudovesicles 
formed at the point of epidermal separation, in burns of mild intensity (Fig. 
1). In more severe burns, the oil red 0 staining substance appeared to leave 
the burned dermis. Using a Nile blue stain, neutral fats appeared to puddle 
in the burned dermis and undermine the adjacent normal skin (Fig. 2). Other 
stains, such as osmie acid, showed complete absence of fat in the burned skin. 

The chemical determinations of the burned skin showed significantly 
less lipid in the burned area than in the adjacent normal skin. This was true 
for phospholipid as well as for total lipid. To a small measure the cholesterol! 
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showed a similar loss in the burned area, although more data are needed to 
confirm this. Three experiments are summarized in Table I. There are ob- 
vious divergences from the expected results in some cases; however, these are 
to be expected in this type of analysis. 


Fig. 2.—This photomicrograph of pig skin stained for neutral fat shows no dermal fat 
on the left; however, on the right, the darker dermis signified puddling of neutral fat. This 
puddling seems to undermine the unburned dermis on the left, below the hair follicles, (Nile 


blue-hematoxylin. 50; reduced %.) 


TABLE I. Lipip ANALYSIS OF NORMAL AND BURNED PIG SKIN 








TOTAL FAT LIPID PHOSPHORUS TOTAL CHOLESTEROL 





CONTROL | BURNED CONTROL | BURNED CONTROL | BURNED 
30.2 25.3 0.0310 0.0220 0.7445 0.5110 
26.5 31.8 0.6920 0.6800 
25.87 22.4 0.0276 0.0349 0.6885 0.5215 
29.3 28.90 0.0370 0.03938 
15.77 17.48 0.0372 0.0272 
24.33 20.17 0.0299 0.0288 
16.41 14.44 0.0317 0.0294 0.6670 0.6840 
44.5 33.2 0.1096 0.0945 
60.1 37.2 0.0899 0.0841 
47.0 38.9 0.1124 0.0760 





-- 


NOUR CIR WD OT 





It can be seen that but for a few exceptions, the total lipid content of the 
burned skin is significantly lower than that of the adjacent unburned skin. 
Where this is not the case, the two figures are more nearly equal. The widest 
divergence is in the first instance. 
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Fig. 3.—Immediately after burning, the total lipid in the lymph draining from a burned 
dog’s foot increases precipitously in total volume. There is also a definite, although not as 
great, increase in concentration of lipid per milliliter of sample. This experiment is typical 
of the group. 





Experiment No. |7 
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Fig. 4.—By adding the total amount of lipid drained from the single cannulated lym- 
phatic, it is apparent that a large amount of lipid is mobilized by the burn. In this experiment 
the right leg was burned after two hours of control observations. The slope of the curve ol 
total lipid becomes precipitous after the burn. 
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Isolated observations made suggest that variation in the severity of the 
burns may account for some of the differences between control values; for 
example, the burn produced through a black spot of a Poland China hog 
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Fig. 5.—The lymph lipid phosphorus shows a tremendous increase both in total amount 
and in concentration per milliliter of sample after burning. This is the same experiment 
as in Fig. 3. The similarity of the curves suggests the ratio between total lipid and lipid 


phosphorus which prevailed in all experiments. 


LYMPH EXPERIMENT NO. 5 
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mt 


TOTAL FAT Mgm/mi 
Left foot 





Left leg burned 


ee 


Free 
ee 
"HOURS 
Fig. 6.—The total and free cholesterol both increase in concentration per milliliter of 
lymph after burning. The total fat is included in this figure to show the lack of relationship 
between the cholesterol and the total fat. 








T T 


showed a lower total lipid than the adjacent burn in a white area. (A more 
severe burn occurs in darkened areas with a radiant energy source.) Differ- 
ent areas on the same pig may have different normal lipid concentrations, as 


well, 
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A previous paper' outlined preliminary observations of lymphatic lipid 
alterations following an immersion burn of a dog’s foot. A series of twenty 
such experiments have now been completed. There was a striking immediate 
rise in the total lipid mobilized in the lymph immediately after the burn (Fig. 
3). This represented an increase in concentration of lipid as well as a total 
over-all inerease (Figs. 3 and 4). There was no significant alteration of 
lymph lipid content to the trauma of prolonged cannulation. 

The constituent elements of this lipid shift were partially surveyed. 
The lipid phosphorus, as a measure of phospholipid, showed diagrammatically 
an inerease both in volume and concentration parallel to the total lipid. The 
lipid phosphorus concentration was one-sixtieth to one-hundreth that of the 
total lipid. This suggested that a major portion of the lipid mobilized in the 
lymph was phospholipid (Fig. 5). 

The cholesterol concentration of lymph rose markedly after burning, as 
well (Fig. 6). This was true for both the free and the total cholesterol. The 
increase per milliliter of lymph was about 0.25 mg., which probably rep- 
resented but a small fraction of the total lipid. 


DISCUSSION 





The changes occurring with thermal injury are of two general types 
direct local tissue changes, and indirect local or systemic changes resulting 
from the direct injury. It has been postulated by Henriques and Moritz* that 
the local damage is probably to the protein component of the skin and its 
enzyme systems. The secondary or systemic effects partially relate to capil- 
lary damage resulting from this thermally altered protein system. Most 
workers agree that there are many intermediate steps yet to be defined, and 
perhaps entirely different mechanisms may bring about the circulatory damage 
which causes many of the systemie effects. 

The fact that there is a gross outflow of lipid in the lymph from an ex- 
perimental burn opens a new field for examination and speculation. In Fig. 
4 it is apparent that the mobilization of lipid is quite massive, even for one 
lymphatic. A dog’s leg can have as many as twelve lymphatics of this size 
which would mobilize about 1 Gm. of fat per hour from a burned foot! 

The souree of this fat is as yet uncertain. Some of it must come from 
the local burn, for there is a definite decrease in tissue lipid in these areas 
after burning. So far this decrease has been demonstrated in the epidermis 
and dermis only. The vesication seen in a mild burn on the pig has had 
enough fat in it to be demonstrable by relatively crude histochemical methods. 
It would seem reasonable to assume, therefore, that some of the lipid mobilized 
by a burn comes from thermally injured dermis and epidermis. This fat, 
when driven outward by the heat, expands to contribute to the epidermal 
separation, and when driven inward, is carried out by the lymphaties. 

It is difficult to assess the subcutaneous fat as a source of this mobilized 
lipid. No data are available so far. One ean speculate that the great swell- 
ing which oceurs after a burn may be edema fluid accumulating at the expense 
of the fat. Further work in this area is planned. 
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Finally an increase in capillary permeability following thermal injury 
has been clearly demonstrated by Cope and others. This is an important 
mechanism for the escape of fluid, electrolyte, and protein components of the 
blood into a burned area and hence into lymphaties. Perhaps fat behaves in 
a similar manner to these elements. 

The role that released lipids may play in the local and systemic effects 
following burns has not yet been assessed. The potentialities of such released 
lipids, even if they are not thermally degraded, are many and varied. The 
observation of Longini and Johnson’ regarding the increased fragility of red 
blood cells in dogs after fat ingestion are pertinent. They observed a hemo- 
lytic agent in chyle immediately after a fatty meal, and suggested that fat 
ingestion may be a mechanism in the physiologic destruction of red cells in 
dogs. Other facts are known about the hemolytic character of specifie phos- 
pholipids. Parenteral administration of lecithin has produced hemolytic 
anemia in rabbits® and in dogs,’ when given in a certain dosage. This anemia 
became apparent within one week after the injections were started. This is 
reminiscent of the anemia appearing after a severe burn.* 

The local effects of a burn show histologie changes which are first inflam- 
matory but sterile and later inflammatory but attributable, in part at least, 
to infection. The immediate histologic picture of inflammation must be due 
to the thermal effect of the burn on some tissue component or enzyme system.’ 
Tompkins’ produced histologie lesions with subcutaneous injection of lipids, 
which were quite similar to those of acute thermal injury. Our observation 
of the undermining of normal adjacent skin by phosphatides immediately after 
burns may have some bearing on the immediate histologie reaction after the 
burn. 

The observation of lipid shifts in thermal injury in no way contradicts the 
hypotheses of Henriques and Moritz and others that the fundamental lesion in 
burns is one of protein degradation. Lipids exist either in an intracellular 
form as such, or in the extracellular spaces as lipoproteins. The protein bond 
is an important factor in maintenance of the flcid state of cireulating lipids. 
The finding by Thomas and his colleagues'® of an increase in circulating low- 
density lipoprotcin after burns in dogs suggests the intimate relation between 
proteins and fats in thermal injury. 


SUMMARY AND CONCLUSION 


The thermolability and low melting points of mammalian lipids suggested 
that there would be detectable changes in fats following thermal injury. Ob- 
servations on experimental burns in animals indicate that such is the ease. 
In the pig, total lipids and phospholipids were found to be significantly lower 
in the burned area than in the adjacent normal area. Lipid was found to be a 
component of the material in the blebs between the epidermie and dermis in 
mild burns. 

Immediately following an immersion burn in a dog’s foot, there was a 
rapid outflow of lipid in the lymph. This achieved gross proportions. <A large 
component of this lipid is phospholipid. 
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It has been suggested that thermal injury mobilizes lipid from the area 
burned, both outward and inward via the lymphatics. This release of com- 
paratively large quantities of lipid may play a role in the local and systemic 
reaction to a burn. 
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DISCUSSION 
DR. FRANCIS MOORE.—Have you seen fat emboli in your burned patients? 
DR. J. T. PAYNE.—The material that we are dealing with is not in particulate size, 
and as such is probably not capable of the embolic phenomena. We have not seen fat 


emboli in our clinical material. 
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'y IS well known that bile injected into the pancreatic duct of the dog in suf- 
ficient quantity to rupture the acini will cause hemorrhagic pancreati- 
tis.'4 1% 1° Retrograde drainage of the pancreas was first performed in dogs 
by Coffey® in 1909. Others to accomplish this operation in dogs were Patrie, 
Pyle, and Vale? in 1917, Tripodi and Sherwin”? in 1934, and recently Bonta.* * 
The purpose of this investigation was to determine whether such a retrograde 
pancreaticoenterostomy would protect the gland from the damaging effects 
of a bile injection. 

Many factors have been considered etiological in pacreatitis, such as in- 
fection, reflux of bile or duodenal contents into the ducts, obstruction to the 
outflow of the gland, trauma, and abnormal vascular influences. Lium and 
Maddock*® and Waite*! have produced pancreatitis experimentally by obstrue- 
ting the ducts of a secreting gland, but a lethal factor was missing. DuVal? 
and Bonta* * have recently reported the use of distal pancreaticojejunostomy 
in two patients. Perhaps in any given case two or more factors may be work- 
ing together, as emphasized by Wangensteen.?? In any event, it seems pos- 
sible that if a permanently patent retrograde pancreaticoenterostomy could 
be accomplished, pancreatitis could be prevented whether it be caused by 
either of the two etiologies considered most common, namely, regurgitation of 
bile into the duct of Wirsung’ * 7 * 1% 14 and obstruction of the pancreatic 
outflow.” 18 

MATERIALS AND METHODS 

Adult mongrel dogs weighing between 7 and 14 kilograms were used. They were 
fed the animal house diet except for two days after surgery, when they received only water 
by mouth. Intramuscular penicillin was given for five days postoperatively except when 
bile injections were made. Serum amylase was determined by the method of Somogyi. 
Amylase values found at this laboratory in norma] dogs varied from 200 to 3,650 units, 
with the majority of determinations falling between 700 and 2,400 units. Tissues were 
studied grossly and sections were fixed in 10 per cent formalin, embedded in paraffin, cut 
at 7 microns, and stained with hematoxylin and eosin. Bile was cultured in brain heart 
infusion broth with agar. 

The experiment was divided into four parts. Group A consisted of control bile 
injections with extravasation into the parenchyma. Injection of 10 ¢.c. of bile withdrawn 
from the gall bladder was performed through the large pancreatic duct. In eleven of 





1966 Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 


113 














Surgery 
July, 1955 


SENSENIG AND BOWERS 













these animals the duct was ligated after the injection while in nine it was left open, the 
injection having been performed with a syringe and needle inserted into the duct trans- 
duodenally, as illustrated in Fig. 1,4. Amylase and pathologie studies were made. 

Group B consisted of contro] bile injection without extravasation. The tip of the 
descending limb of the pancreas was amputated, and the duct cannulated with a polyethy- 
lene tube 0.6 mm. in external diameter for a distance of 1 em. The tube was held in 
place with a 00000 silk suture. Six to ten cubic centimeters of bile withdrawn from the 
animal’s gall bladder was injected slowly with a syringe by hand over a period of time 
varying from two and one-half to thirteen minutes for each 1 ¢.c. of bile. The bile flowed 
through the descending limb into the duodenum, as illustrated in Fig. 1,B. The descend- 
ing limb was then ligated. Amylase and pathologie studies were made. 























Fig. 1.—A, Control injection of bile into pancreatic duct. 

B, Control injection of bile into distal end of right limb of pancreas. 

C, Completed retrograde pancreaticoduodenostomy illustrating site of bile injection. 
D, Completed retrograde pancreaticojejunostomy illustrating site of bile injection. 


Group C was a study of retrograde pancreaticoenterostomy. The operation was 
performed in two stages. At the first stage both pancreatic ducts were ligated and 
divided or doubly ligated, following which the tip of the descending limb of the pancreas 
was mobilized from the mesoduodenum in the cases of distal pancreaticoduodenostomy 
and the duct cannulated with a polyethylene tube 0.6 mm. in external diameter. The 
tube was secured with a suture of either fine silk or catgut. A needle puncture hole was 
made into the duodenum, the polyethylene tube inserted through the hole, and the pan- 
creas sutured to the duodenum with interrupted sutures of 00000 silk. At a second stage, 
three weeks later, the pancreas was cut across close to the duodenum; and the duct, which 
had dilated, was cannulated with the largest polyethylene tube which it would accept, 
usually being 1.9 mm, in external diameter. A similar pancreaticoduodenostomy was per 
formed with the larger duct to enhance the patency of the anastomosis. Fig. 1,C illus 
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trates the operation. In addition, ten retrograde pancreaticojejunostomies were con- 
structed. The mobilized transverse limb was passed through the mesocolon and an anas- 
tomosis to the jejunum performed as deseribed previously in five. In the other five, the 
second stage was performed with a suture anastomosis using interrupted 00000 silk as 
shown in Fig. 1,), At autopsy, it was determined by injection of the duet system whether 
the anastomosis was open and whether re-establishment of pancreatic drainage into the 
duodenum had taken place. Pathologie studies were made, 

In Group D fifteen animals with retrograde pancreaticoenterostomies were tested 
with a bile injection from the opposite end of the pancreas apparently through the anas- 
tomosis and into the intestine in order to determine whether this distal decompression 
would protect the gland. In the cases of pancreaticoduodenostomy the duct was can- 
nulated near the splenic end of the transverse limb. If there was no flow due to ob- 
struction where the two limbs of the main duct joined secondary to fibrosis from the 
previous ligature, the duct system was entered below the point of ligation so that bile 
could flow through the anastomosis. In the cases of pancreaticojejunostomy the duct was 
entered in the transverse limb close to the point of division of the main duct and bile 
injected toward the jejunum. Amylase studies were made in this series up to two weeks. 
At autopsy representative sections were taken for pathologic examination and a deter- 
mination made as to the patency of the anastomosis and possible re-establishment of 
pancreatic drainage into the duodenum despite interruption of the ducts. 


RESULTS 
Group A. Control Group of Bile Injections With Extravasation as De- 
picted in Fig. 1,A.—The results are summarized in Table I. It is seen that the 
mortality resulting from the injection of 10 ¢.c. of bile through the main pan- 
creatic duct into the gland with resulting extravasation was almost the same 
whether or not the main duct was ligated. Amylase values were studied in 
four animals in Group A in which the duct was left open. In all, the amylase 
rose well into the abnormal range. Each of the four reached 5,000 units and 
one reached 7,000 units. The pathologie picture in animals dying of pancreati- 
tis revealed hemorrhage into the gland with softening, swelling, serosanguin- 
eous peritoneal fluid, and fat necrosis. Microscopically, there were hemor- 
rhage, focal areas of pancreatic necrosis, edema, infiltration with inflammatory 

cells, and fat necrosis. Pancreatitis of some degree was present in all. 


TABLE I. RESULTS IN GROUP A. PANCREATITIS WAS PRESENT MICROSCOPICALLY 
IN ALL CASES 








CONTROL INJECTION WITH EXTRAVASATION 
(10 c.c, BILE) 











| DIED | LIVED %Y MORTALITY 
Duct ligated 5 6 45 
Duet left open 4 5 Ad 
Total 9 1] 45 





Group B. Control Group of Bile Injections Without Extravasation as De- 
picted in Fig. 1,B.—No pancreatitis developed, as shown in Table II. One bile 
sample was found on culture to harbor micrococeus, while another contained 
& gram-positive aerobic sporeformer. Otherwise the samples of bile were 
sterile. All amylase values remained within the normal range. At the time 
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TABLE II, RESULTS IN GROUP B. No PANCREATITIS DEVELOPED 








CONTROL INJECTION WITHOUT EXTRAVASATION 








C.C. BILE | MICRO. SACRIFICED 
9 Normal 20 days 
6 Normal 17 days 
10 Normal 18 days 
10 Normal 16 days 
8 Normal 20 days 
10 Normal 18 days 
10 Normal 20 days 





of sacrifice in this group there was no evidence of pancreatitis. Sections of 
pancreas revealed a normal architecture without any necrosis, hemorrhage, or 
fibrosis. 

Group C. Retrograde Pancreaticoenterostomy as Depicted in Fig. 1, C and 
D.—The results in this group are depicted in Table III. Included are all ani- 
mals surviving the staged surgery and observed three weeks to seven and 
one-half months after the second stage. Any animals not surviving that long 
were not considered to be determinate cases since it was thought enough time 
had not elapsed to give the anastomosis a chance to close. No cases of closure 
were omitted because of this. 


TABLE III, RESULTS IN GROUP C.—RETROGRADE PANCREATICOENTEROSTOMY 
(EXAMINED 3 WEEKS OR MORE POSTOPERATIVE) 








RETROGRADE PANCREATICODUODENOSTOMY 


Polyethylene tube anastomosis 36 
Anastomosis wide open 18 
Anastomosis partially open 4 
Anastomesis closed 14 
Duct recanalized 13 
RETROGRADE PANCREATICOJEJUNOSTOMY 
Polyethylene tube anastomosis 5 
Anastomosis partially open 3 
Anastomosis closed 2 
Duct recanalized 5 
RETROGRADE PANCREATICOJEJUNOSTOMY 
Suture anastomosis 4 
Anastomosis wide open 4 
9 


Duet recanalized 





Not all dogs on which staged surgery was begun were carried through to 
a suecessful conclusion, because of pneumonia, distemper, and other compli- 
‘ations. The only complications involving the pancreas itself were subacute 
pancreatitis as found at exploration in one animal, peritonitis in one ease fol- 
lowing a second stage operation when there was a leak around the polyethy- 
lene tube as a result of the pancreas pulling away from the intestine, and an 
abseess involving the mesoduodenum which occurred after a first stage. 

Reeanalization of the greater duct occurred in twenty eases, allowing 
re-establishment of flow into the duodenum. When recanalization occurred 
there was an associated complete or partial closure of the anastomosis in all 
cases except one in the pancreaticoduodenostomy series, but in two eases of 
recanalization in the pancreaticojejunostomy series using the suture technique 
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there was a wide-open anastomosis. One of the five animals with distal pan- 
creaticojejunostomies with suture technique died of pneumonia at thirteen 
days with a widely patent anastomosis and no recanalization. 

Four cases completely closed off and one partially closed off in the pan- 
creaticoduodenostomy series without an associated recanalization of the orig- 
inal channel. In one of these four there was a subacute pancreatitis found at 
sacrifice with purulent material in the ducts, as mentioned previously. In two 
others the fact that the two limbs did not form one common channel, so that 
only a short portion of pancreas was secreting to the intestine, may have been 
a factor in the formation of stricture. In the fourth the polyethylene tube was 
present and plugged with a chalklike material. In two other cases a poly- 
ethylene tube plugged with chalklike material was retained, but in one of 
these there was some flow around the tube, and in the other there was a wide- 
open channel beside the tube. 

Sections of pancreas removed from animals as long as six and seven 
months following retrograde pancreaticoenterostomy showed excellent preser- 
vation of pancreatic architecture with minimal or no fibrosis. 


TABLE IV. RESULTS IN GROUP D. No PANCREATITIS WAS Not FOUND ON PATHOLOGIC 
EXAMINATION. BILE INJECTION THROUGH PANCREAS AFTER RETROGRADE 
PANCREATICOENTERESTOMY 




















RESULT 
C.C, BILE ANASTOMOSIS OPEN DUCT RECANALIZED (IN DAYS) 
9 Partially Yes Sac. 22 
10 Partially Yes Sac. 21 
10 No Yes Sac. 20 
10 Partially Yes Sac. 20 
10 No Yes Sac. 16 
10 No Yes Sac. 25 
10 Yes Yes Died pn. 14* 
12 No Yes Sac. 30 
10 No Yes Sac. 17 
15 Yes No Died pn. 4* 
9.5 Yes No Sac. 23 
10 Yes No Died pn. 15* 
10 Yes No Sac. 11 
10 Yes Yes Sac. 7 
10 Yes Yes Sac. 7 





*Died of pneumonia. 


Group D. Test Injection of Bile Into a Gland Decompressed by a Distal 
Pancreaticoenterostomy.—The results in Group D are shown in Table IV. In 
these fifteen animals, eleven instances of recanalization were observed. In 
five animals the anastomosis was completely closed, and all bile entered the 
duodenum through the re-established channel. In six animals all bile flowed 
through the retrograde pancreaticoenterostomy. Despite recanalization in two 
distal panereaticojejunostomies, all bile flowed into the jejunum, since the in- 
jection was made into the transverse limb, as shown in Fig. 1,D. In the re- 
maining four the anastomosis was partially open in three and completely open 
in one so that bile could flow through both the anastomosis and the reopened 
channel. Pressure determinations were made during the injection in 60 per- 
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cent of the cases and averaged 270 mm. of bile. In this group all except two 
of the bile samples were sterile. One showed gamma streptococcus and the 
other Escherichia coli, alpha streptococcous, and beta hemolytic streptococcus. 

Amylase values were frequently made and in some animals carried out 
as long as sixteen days postinjection. The values remained within the limits 
of determinations made on normal dogs at this laboratory. None was above 
2,700 units and only five determinations over 2,000 units were obtained out 
of 156 analyses. 

No eases of pancreatitis were found on pathologie examination. A repre- 
sentative section of pancreas after bile injection removed at autopsy is shown 
in Fig. 2,B. 


Fig. 2.—A, Photomicrograph revealing severe and fatal pancreatitis from bile extrav- 
asation in control animal. 

B, Photomicrograph revealing normal parenchyma following injection of 
in retrograde fashion through previous pancreaticoduodenostomy. 


15 c.c. of bile 


DISCUSSION 
In Group A, the control group with injection of 10 ¢.c. of bile resulting in 
extravasation, the mortality was almost the same whether or not the duct was 
ligated. The over-all mortality of 45 per cent was one-half that reported by 
Persky and associates.'° The amylase values in this group rose markedly af- 
ter the bile injection. We studied animals without duct ligation since obstrue- 
tion to drainage alone will markedly raise the amylase, as shown by Waite.*' 
The enzyme results and the pathologie picture must be studied together since 
the serum amylase may be normal or less than normal after the pancreas has 
been practically destroyed or blood flow through it has been greatly diminished 
by necrosis or hemorrhage." 
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The results in Group B show that without extravasation there is no pan- 
ereatitis following bile injection. This confirms the work of Fisher, Fisher, 
and Selker,!® which was reported while this work was in progress. 

In Group C, the study of retrograde pancreaticoenterostomy, a high inci- 
dence of recanalization of the main duct occurred despite previous double 
ligation or ligation and division. This was associated with closure of the pan- 
creaticoenterostomy in every case but one in which the polyethylene tube 
anastomosis was used. In two of the four pancreaticojejunostomies with the 
suture anastomosis observed for three weeks or more, the anastomosis re- 
mained widely patent despite recanalization of the duct, as illustrated in Fig. 


| CENTIMETERS | 


Fig. 3.—Gross specimen illustrating widely patent pancreaticojejunostomy with suture 
anastomosis (left arrow) despite recanalization (right arrow). Sacrificed seven days after 
bile injection. Pancreas normal. 


3. Poth?’ transplanted the main pancreatic duct to a new location in the in- 
testine and found in one-half of his animals that a branch of the main duct 
re-established flow through the original site of drainage even though the 
transplanted main duct was still functioning. This occurred despite special 
precautions, such as turning in part of the duodenal wall and reinforcing the 
area with omentum. It may be that reeanalization takes place spontaneously, 
and this then results in closure of the anastomosis in most cases. The fact 
that in a suture, as opposed to a polyethylene tube anastomosis, a more accurate 
mueosa-to-mucosa apposition is possible may have been an influence in the 
continued patency of two distal panecreaticojejunostomies using the suture 
technique despite re-establishment of pancreatic outflow into the duodenum. 
Bonta* * likewise in his series obtained the best results with a suture anasto- 
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mosis. The question is raised, but not answered, as to whether a distal pan- 
creaticoenterostomy in man might stay open despite a lack of proximal ob- 
struction. 

The results in Group D, test injections of bile into glands decompressed 
by a distal pancreaticoenterostomy, indicate that bile entering the pancreas 
through a common channel would do no harm provided the tail of the gland 
were successfully decompressed. 

These results suggest that caudal decompression of the pancreas may 
play an important therapeutic role in the treatment of chronic recurring pan- 
creatitis, in that it will meet the needs of control if the pancreatitis is caused 
by bile regurgitation or by ductal obstruction alone. This control obviously 
will depend upon the ability of the anastomosis to maintain its patency. The 
permanency of this patency has not been uniformly achieved in the experi- 
mental animal. It is not known whether the anastomosis in human beings will 
remain open permanently with or without ductal obstruction. 


SUMMARY AND CONCLUSIONS 
1. Retrograde drainage of the pancreas was accomplished in the dog by 


distal pancreaticoenterostomy. 
2. A distal decompression of the pancreas of the dog protected the animal 


from the damaging effects of bile injection. 
3. Closure of the anastomosis with recanalization of the main duct was 


frequently observed. 
4. The small size of the duct probably contributes greatly to the number 
of strictures at the anastomotic site and may not present a serious problem 


in human beings. 
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THE EFFECT OF BILE FLOW THROUGH THE PANCREAS* 


AN EXPERIMENTAL METHOD 
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H. J. McCorkie, M.D., San Francisco, CAuir. 


(From the Surgical Research Laboratories of the University of California School of Medicine) 


EGURGITATION of bile into the pancreatic duct has been considered a 

cause of pancreatic necrosis since the early observations of Opie.’ Ex- 
cellent reviews by Ivy? and others* * have condensed the voluminous experi- 
mental and clinical studies stimulated by this observation. Many of the 
experimental results were derived from procedures utilizing direct injection 
techniques that could readily account for the pancreatic pathology.°* In an 
effort to study this problem under more physiologic conditions, this experi- 
ment was designed as an in vivo method that would result in the passage of 
bile through the pancreatic ducts. 

The goat is well suited for this type of investigation because the pan- 
creatic duct enters the common bile duct some distance from the duodenum 
(Fig. 1). Combining retrograde drainage of the pancreas* ® into the jejunum 
with ligation of the common bile duct at the duodenum may obviate the un- 
desirable regurgitation of bile mixed with pancreatic secretions into the bile 
ducts and gall bladder.2®° Shunting the bile through the pancreas by this 
method allows a mixing of bile salts and activated trypsinogen" to occur within 
the panereas itself. The proliferation of organisms normally occurring in the 
bile is increased as the volume of bile exceeds the ductai capacity of the pan- 
creas and increased pressure with bile stasis takes place. 


METHOD OF STUDY 


Young goats, 4 to 6 months of age, were operated upon using intravenous pentobarbital 
sodium anesthesia combined with a low tracheotomy (Fig. 2).12 The common bile duet was 
identified, ligated, and sectioned at its junction with the duodenum. The tense peritoneal 
covering overlying the pancreas was sectioned and the distal half of the pancreas was 
mobilized. The pancreatic gland was transected across the middle third and the distal portion 
was excised. The jejunum was sectioned 15 em. from the duodenum and the cut end of the 
distal jejunal segment was closed. Anastomosis of this distal segment of jejunum to the 
sectioned pancreas was carried out as a Roux-Y pancreaticojejunostomy. The intestinal 
tract was reconstructed by an end-to-side jejunojejunostomy (Fig. 3). Bile was observed 
to flow readily from the sectioned pancreatic duct during the pancreaticojejunostomy 
anastomosis. 

Biweekly serum amylase and bilirubin determinations were made on these animals. 
When the animals developed jaundice they were sacrificed, and the liver, gall bladder, 
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Fig. 1.—Diagram showing the normal anatomic relationships of the gall bladder, pancreas, 
common bile duct, and duodenum of the goat. 


Tracheotomy 
tube 

















Fig. 2.—Diagram of a practical method of anesthesia for prolonged surgical procedures 
on the goat. The tracheotomy prevents the progressive anoxia resulting from accumulated 
upper tracheal secretions. 
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common bile duct, and pancreas were examined for both gross and microscopic changes. 

Cultures were made of the bile contained in both the gall bladder and the common bile 
duet. 

RESULTS 

Six of ten goats survived the operative procedure. Four of the animals 

developed jaundice in three to six weeks. Of the two animals not developing 

jaundice, one (No. 6) was sacrificed after four months to conclude this experi- 


Fig. 3.—Diagram of the operative procedure that produces a shunting of bile through the 
pancreas of the goat. 


: 


8 


: 


SOMOSYS LNIIS 
a 


: 





7 14 2 28 35 42 49 56 63 70 77 


PRE- POST-OPERATIVE DAYS 
OPERATIVE 








Fig. 4.—Graph showing average serum amylase values after retrograde drainage of bile 
through a pancreatic segment in five goats. 


ment. The other (No. 2) expired on the third postoperative day due to a dis- 
ruption of the pancreaticojejunostomy. The leakage of pancreatic and bile 
secretions produced a subhepatie pseudocyst with secondary inflammatory 


changes in the panereas. 
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The blood serum amylase determinations of these animals increased rapidly 
and then gradually returned to normal in approximately seven to ten days 
following the operative procedure (Fig. 4). Summaries of the gross and 
microscopic examinations of the liver, gall bladder, common bile duct, and 
pancreas of each animal are as follows: 


Goat 1.—Age, 4 months. Sacrificed on the fourteenth postoperative day, 
moribund with obvious jaundice. 

Gross pathology: Subcutaneous and intraperitoneal tissues were bile-stained. 
There were fine adhesions surrounding the pancreaticojejunostomy, gall bladder, 
duodenum, and liver. The pancreaticojejunostomy was intact, and upon open- 
ing the jejunal segment, bile was observed in the Roux-Y limb. The liver was 
enlarged and bile-stained. The pancreas was bile-stained, but otherwise grossly 
normal. The gall bladder, cystic duct, and common bile duct were markedly 
dilated and contained clear bile. 

Microscopic findings: Pancreas: A few isolated lobules exhibited diffuse 
terminal duct and acinar dilatation. Acinar cells were compressed and there 
was a loss of specific cytoplasmic granules. The majority of the lobules, how- 
ever, were relatively unaltered, exhibiting only mild disorganization of acinar 
units. The major and secondary pancreatic ducts were markedly dilated and 
there was considerable fibrous thickening of their walls. Several of the 
smaller ducts contained bile-stained material and in a few focal areas this 
material was present in terminal ductules in close approximation to acinar 
parenchymal cells. 

Tiver: Intrahepatic bile duets were dilated and frequently contained bile- 
stained material. There was considerable inflammatory cellular infiltrate about 
the thickened bile ducts as well as in the portal areas. An associated increase 
in portal fibrous tissue indicated an early cirrhosis. 

Gall bladder: There was a marked fibrous thickening of the wall associated 
with a slight, diffuse, chronic inflammatory reaction. 


Goat 2.—Age, 6 months. Expired on third postoperative day. 

Gross pathology: Disruption of the panecreaticojejunal Roux-Y anastomosis 
had oceurred with a large, walled-off abscess in the right subhepatie area. 
Widespread peritonitis from pancreatic enzymes in contact with the pancreas, 
gall bladder, common bile duet, and duodenum was present. 

Microscopic findings: Pancreas: Parenchymal and interlobular connective 
tissues were edematous. There was slight disorganization of acini; parenchy- 
mal cells were small with scanty amounts of granule-poor cytoplasm. There 
was no significant terminal duct—acinar dilatation or acinar cell compression. 
Inflammatory cells, predominantly lymphocytes and macrophages, were present 
in small numbers throughout. Major and secondary pancreatic ducts were 
slightly dilated and slightly thickened; bile debris was occasionally present. 

Gall bladder: There was acute inflammation of the mucosa with superficial 
necrosis. The deeper portions were somewhat fibrotic and showed mild 
chronic inflammation. 
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Goat 3.—Age, 6 months. Sacrificed on the twenty-second postoperative day 
with jaundice. 

Gross pathology: Conjunetiva and peritoneal tissues were bile-stained. 
Fine, avascular adhesions were between the duodenum, liver, gall bladder, and 
pancreaticojejunostomy. Gall bladder, cystic duct, and common bile duct were 
markedly dilated with some thickening of the wall and contained “white’’ bile. 
The pancreaticojejunostomy was intact. The pancreas was grossly normal and 
not bile-stained. The liver was nodular. 

Microscopic findings: Pancreas: All lobules were enlarged with a general- 
ized distention of terminal duct and acinar structures. Acinar cells were 
markedly flattened; cytoplasm was sparse and without specific granules. With- 
in the lobular parenchymal tissue were small, diserete aggregates of lympho- 
cytes. There was a slight increase in interlobular loose fibrous connective tissue. 
Major and secondary pancreatic ducts were markedly dilated and occasionally 
contained bile-stained material. There was fibrous thickening of the duct walls 
associated with mild chronic inflammation. 

Liver: Intrahepatic bile ducts were dilated, thickened, and frequently con- 
tained accumulations of inspissated bile. There was marked periductal and 
periportal fibrosis associated with a heavy inflammatory cellular infiltrate 
indicating pericholangitis and biliary cirrhosis. 

Gall bladder: There were fibrous thickening of the wall and a slight sub- 
mucosal lymphoeytie infiltration. 





Goat 4.—Age, 6 months. Sacrificed on the twenty-fifth postoperative day 
with early jaundice but otherwise healthy. 

Gross pathology: Conjunctiva and peritoneal tissues were bile-stained. 
Several fine adhesions were found between the liver, gall bladder, duodenum, 
and pancreaticojejunostomy. The gall bladder, cystic duct, and common duet 
were markedly dilated but otherwise normal and contained light-colored bile 
tinged with pigment. The pancreaticojejunostomy was intact. The pancreas 
was grossly normal. The liver was enlarged, pale, and showed early nodu- 
larity. 

Microscopic findings: Pancreas: A few seattered lobules showed terminal 
duct and acinar distention with parenchymal cell compression. Most of the 
lobules, however, were relatively unaffected. There was a slight, diffuse intra- 
lobular leukocytie infiltration and a slight, focal interlobular lymphocytic in- 
filtration. The major pancreatic duct was moderately dilated and thickened, 
while only a few of the secondary ducts were slightly dilated. 

Liver: There were marked intrahepatic bile duct dilatation and thickening 
containing inspissated bile. Severe periductal and portal fibrosis and inflamma- 
tion indicate moderately severe biliary cirrhosis. 

Gall bladder: There was severe chronic cholecystitis with marked mural 
fibrosis and submucosal lymphocytic infiltration. 
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Goat 5.—Age, 6 months. Sacrificed on the twenty-third postoperative day 
following ten days of diarrhea and a downhill course. No jaundice was pres- 
ent. 

Gross pathology: Fine adhesions were present between the gall bladder, 
liver, common bile duct, and pancreaticojejunostomy. The gall bladder, cystic 
duct, and common bile duct were dilated but otherwise normal. The bile con- 
tained less than normal pigment. . The liver was normal. The pancreatico- 
jejunostomy was intact. The pancreas was normal except for a reddish tinge 
limited to the surface of the gland. 

Microscopic findings: Pancreas: Only rarely did small lobules exhibit 
acinar dilatation and cellular compression; most acinar tissue was unaffected. 
There were a few small areas of pancreatic fat necrosis. The major pancreatic 
duct was slightly dilatated and thickened. 

Iiver: There were only slight intrahepatic ductal dilatation, periductal 
fibrosis, and portal lymphocytic infiltration. 

Gall bladder: There was miid chronie cholecystitis with mural fibrosis and 
submucosal lymphocytic infiltration. 


Goat 6.—Age, 4 months. Sacrificed in the fourth postoperative month 
(123rd day) in good health without evidence of jaundice. 

Gross pathology: An organized wound abscess with dense adhesions was 
between the wound, gall bladder, duodenum, liver, and pancreaticojejunostomy. 
The pancreaticojejunostomy was intact. The liver was slightly pale but other- 


wise normal. The gall bladder and common bile duct were markedly dilatated. 
The pancreas was grossly normal with a dilated duct between the common 
bile duct and the pancreaticojejunostomy. 

Microscopic findings: Pancreas: The acinar lobules were relatively normal. 
There was slight condensation of the interlobular connective tissue. Major pan- 
creatic ducts were moderately dilated and thickened. 

Inver: The intrahepatic bile ducts were slightly dilated. 

Gall bladder: There was moderately severe, chronic submucosal cholecystitis 
with mural fibrosis and submucosal chronic inflammation. 

The increase of the serum amylase with a gradual fall and return to 
normal levels over a period of seven to ten days, without evidence of pan- 
creatic necrosis, was probably a result of the operative procedure. 

One animal (No. 5) developed diarrhea and marked malnutrition. There 
was a Significant rise in the serum amylase as the animal became moribund. 
This animal was sacrificed and microscopic examination of the pancreas re- 
vealed small focal areas of necrosis.'* 14 The microscopic examination of the 
pancreas of the other five animals revealed distention only of minor and major 
pancreatic ducts, with periductal fibrosis that resulted from the dilating proc- 
ess (Fig. 5). Bile was seen in most secondary ducts and often in terminal 
ductules leading directly to the acinar cells (Fig. 6). Compression and 
atrophy of the functional cells were observed, but no necrosis or secondary 
fibrosis was present (Fig. 7). Examination of the microsecopie sections of the 
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Fig. 5.—Photomicrograph of a section of pancreas showing major and minor duct dis- 


tention with periductal fibrosis about a major duct. 
Fig. 6.—Photomicrograph of a section of pancreas with bile-stained material in a minor 


ductule. 
Fig. 7.—Photomicrograph of a section of pancreas showing terminal ductule distention 


with compression of acinar cells. 
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pancreases of all animals revealed no areas typical of pancreatic necrosis or of 
subsequent fibrosis. The changes in the liver were typical of extrahepatic 
biliary obstruction and biliary cirrhosis, with the exception of the last animal. 
In this animal (No. 6) the caliber of the dilated major pancreatic duet was 
large enough to allow the flow of bile through the pancreas without producing 
obstruction and jaundice. The serum bilirubin remained normal and the 
microscopie sections of the pancreas showed only dilatation of the major pan- 
creatic ducts. There was little or no change in the minor ducts or acinar tis- 
sue, and the liver sections were normal. 

The obstruction of bile flow through the pancreas with the associated bile 
stasis encouraged proliferation of the following organisms: Escherichia coli, 
Streptococcus fecalis, clostridium species, and beta hemolytic streptococcus. The 
counts of these organisms ranged from 1 million to 40 million per milliliter of 


bile. 
SUMMARY 


1. Bile was experimentally shunted through the transected pancreas and 
into a Roux-Y pancreaticojejunostomy in goats. This preparation served as 
a suitable method for studying the in vivo effects of bile in the pancreatic 
duets. 

2. Serum amylase elevations returned to normal in seven to ten days fol- 
lowing the operative procedure. 

3. Examination of the pancreas revealed ductule dilatation, periductal 
fibrosis, and intraductal bile-stained material in close approximation to acinar 
parenchymal cells without evidence of pancreatic necrosis. 


4. The gall bladder and common bile duct were markedly distended with 
fibrous thickening of the walls. 

d. The liver showed evidence of bile stasis, pericholangitis, and biliary 
cirrhosis. 

6. Bile cultures obtained from the gall bladder and common bile duct 
when the animals were sacrificed ranged from 1 to 40 million organisms per 
milliliter of bile. 


REFERENCES 


. Opie, E. L.: The Etiology of Acute Hemorrhagic Pancreatitis, Bull. Johns Hopkins 
Hosp. 12: 182, 1901. 

. Ivy, A. C., and Gibbs, G. E.: Pancreatitis: A Review, SuRGERY 31: 614, 1952. 

3. Lewison, E, F.: Acute Pancreatitis: An Etiologic Review and Report of Thirty-five 
Cases, Arch, Surg. 41: 1008, 1940. 

. Wheat, M. B.: The Pancreas: Contributions of Clinical Interest, Gastroenterology 
27: 701, 1954. 

. Tejerina-Fotheringham, W.: Acute Pancreatitis, Pathophysiology and Treatment, 
Gastroenterology 10: 687, 1948. 

. Mann, F. C., and Giordano, A. 8.: The Bile Factor in Pancreatitis, Arch. Surg. 6: 1, 
1923. 

7. Wangensteen, O. H., Leven, N. L., and Manson, M. H.: Acute Pancreatitis (Pan- 
creatic Necrosis): Experimental and Clinical Study, With Special Reference to 
the Significance of the Biliiry Tract Factor, Arch. Surg, 23: 47, 1931. 

. DuVal, M. K., Jr.: Caudal Pancreatico-jejunostomy for Chronic Relapsing Pancreatitis, 
Ann. Surg. 140: 775, 1954. 

. Bonta, J. A.: An Experimental Study of Retrograde Pancreaticojejunostomy, pre- 
sented at Forum for Fundamental Surgical Problems, American College of Sur- 


geons, Atlantic City, November, 1954. 














WHITROCK, HINE, CRANE, AND McCORKLE ] power 
uly, O55 





Bisgard, J. D., and Baker, C. P.: Studies Relating to the Pathogenesis of Cholecystitis, 
Cholelithiasis and Acute Pancreatitis, Ann. Surg. 112: 1006, 1940. 

ll. Dragstedt, L. R., Haymond, H. E., and Ellis, J. C.: Pathogenesis of Acute Pancreatitis, 
Arch, Surg, 28: 232, 1934. 

12. Whitrock, R. M., and McCorkle, H. J.: A Practical Method of Anesthesia for Pro- 
longed Surgical Procedures on the Goat, Proc. Soc. Exper. Biol. & Med. 88: 221, 1955. 

13. Popper, H.: The Pathological Aspects of Pancreatic Disease, Rev. Gastroenterol. 19: 
183, 1952. 

14. deAlmeida, A. L., and Grossman, M. I.: Experimental Production of Pancreatitis With 

Ethionine, Gastroenterology 20: 554, 1952. 











DISCUSSION ON “RETROGRADE PANCREATICOENTEROSTOMY IN EXPERIMENTAL PANCREATITIS” BY 
DR. DAVID M. SENSENIG AND DR. RALPH F. BOWERS,* AND “THE EFFECT OF BILE FLOW 
THROUGH THE PANCREAS” BY DR. ROBERT M. WHITROCK, DR, DONALD HINE, 

DR. JACKSON CRANE, AND DR. H. J. MC CORKLE 
DISCUSSION 
DR. W. P. LONGMIRE (Los Angeles, Calif.).—L would like to compliment the authors 
on their very excellent experimental approach to this difficult clinical problem. Undoubtedly 
there are a number of different causes of chronic relapsing pancreatitis, and possibly the ob- 
struction at the sphincter of Oddi with retrograde flow of bile into the pancreas may be one, 
although we feel it to be a rather infrequent cause. 1 would like to present several slides on 
a patient which illustrate certain principles that have been discussed here this morning. 
(Slide.) This specimen was taken from a 32-year-old male patient who was first admitted 
in December, 1950, because of severe abdominal pain, nausea, vomiting, and shock. His 
serum amylase was found to be elevated and a diagnosis of acute pancreatitis was made. 
His initial episode of pancreatitis responded to conservative therapy, but in the course of 
the next two months he suffered repeated severe attacks of abdominal pain with only vne- 
or two-day asymptomatic intervals. In February, 1951, at laparotomy, the pancreas showed 
induration and nodularity consistent with the clinical diagnosis of chronic relapsing pan- 
creatitis. A caudal pancreaticojejunal anastomosis was made, using a Roux-en-Y loop. 
This specimen illustrates the tail of the pancreas and the spleen, which were removed at 
that time. (Slide.) Of interest in this case was the additional finding of a mass of 
aberrant pancreatic tissue, which was attached to the mesenteric border of the jejunum 
about 18 inches distal to the ligament of Treitz. This specimen was removed, and on 
section showed the same type of pathologic change of chronic pancreatitis that was 
demonstrated in the tail of the pancreas removed with the spleen. This segment of pan- 
creas drains through a small duct into the jejunum some 18 inches beyond the ligament of 
Treitz and obviously could not have been involved in any process of obstruction and retro- 
grade flow of bile. In reviewing the files at the Wadsworth Veterans Hospital, it was 
found that one additional patient dying of hemorrhagic pancreatitis also had a small mass 
of aberrant pancreatic tissue in a Meckel’s diverticulum, which demonstrated the same 
pathologie changes that were found in the pancreas itself. This is important in pointing 
out that in certain cases of pancreatitis there is a systemic effect involving pancreatic 
tissue throughout the body. (Slide.) This patient was relieved of his symptoms in six 
weeks to two months, following which time he returned to the hospital with the same symp- 
toms that he had prior to operation. At re-exploration, when a sphincterotomy was performed, 
an injection was made through the sphincter of Oddi into the main pancreatic duct. You can 
see in this slide that the material flows back into the jejunal limb at the tail of the pancreas 
demonstrating that the anastomosis is widely patent. Retrograde pancreatic drainage has, at 
least in this one case, been totally unsuccessful. Subsequent to this time, this patient, after 
several other types of operative procedures, was subjected to a ligation of the major pan- 
ereatic duct, the type of procedure recently reported in a series of eight cases by Dr. Cannon 
at the Pacific Coast Surgical Association Meeting. We feel that for certain types of chronic 
relapsing pancreatitis, without cyst formation and without extensive calcification, ductal liga- 


*See page 113 for article by Drs. Sensenig and Bowers. 
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tion with subsequent atrophy of the gland may possibly be the desired treatment. On the 
other hand, we feel that in cases where there is cyst formation, calcification, gross destruction 
of the normal architecture of the gland, and persistent pain in contrast to the intermittent 
pain that occurs with relapsing pancreatitis, partial or total pancreatectomy is the treatment 
of choice. In many cases a partial pancreatectomy will suffice. Certainly, those members of 
the audience who are associated with veterans’ hospitals in any capacity realize the magnitude 
of this problem of pancreatitis and significance of the investigations presented this morning. 


DR, KEITH GRIMSON (Durham, N. C.).—These two presentations have made impor- 
tant contributions to our knowledge of the role which bile and obstruction may play in acute 
or chronic pancreatitis. It seems worth while to summarize for you the eight-year results of 
treatment of chronic pancreatitis using a procedure which does not approach the sphincter of 
Oddi or the pancreatic ducts and which removes no pancreas. Since pain pathways from the 
abdominal viscera travel through the celiac ganglia and since vagal motor pathways to the 
pancreas also go through these ganglia, it was proposed that these ganglia be removed. The 
first bilateral celiac ganglionectomy for chronic recurring pancreatitis was performed nine 
years ago, and nine patients have been followed. In each patient the pancreas was large and 
in most there was calcification. Relief of pain has been complete or almost complete except 
for one patient who later developed a duodenal ulcer and another who had intestinal ob- 
struction. Re-exploration for these two revealed that the pancreas had decreased in size 
toward normal but was still firm or hard in consistency. These observations indicate that 
interruption of autonomic nerve pathways by celiac ganglionectomy without drainage of 
ducts or removal of pancreas has given satisfactory results. 


DR. CLARENCE DENNIS (New York, N. Y.).—I also wish to compliment the authors 
who have presented papers this morning, and would like to say a little about some work that 
has been done in New York, part of it in the Department of Surgery at the State University, 
by Dr. M. K. DuVal, who joined this surgical department after training under the eye of 
Dr. Allen Whipple. Under Dr. Whipple, and since coming to the State University, Dr. DuVal 


has performed studies in relation to chronic relapsing pancreatitis which bear on today’s 
presentation. He has demonstrated that the pressure in the pancreatic duct is consistently 
higher than that in the choledochus, and that sphincterotomies and shunting of bile away from 
the ampulla have not cured those patients followed over eighteen months, in general. He also 


set out to evaluate the thesis that the disease is the consequence of partial duct obstruction 
He stimulated the pancreas with Secretin and found that the duodenal 


without regurgitation. 
drainage thereafter was markedly poor in pancreatic enzymes in certain of these patients. 
When the tail of the pancreas was amputated in the operating room, Dr. DuVal found 
(slide) that the pancreatic duct was thickened and dilated. Injection of it with radiopaque 
dye showed also areas of stenosis near the head. Here one can follow the duct in this par- 
ticular injection, and can see that the duct is greatly dilated, but that when one gets down 
near the head it is markedly stenotic. DuVal, therefore, made further studies in the operating 
room; he inserted a cannula into this dilated duct after amputation of the tail of the pan- 
creas and gave Secretin to the patient intravenously, finding thereafter that the pressure in 
the pancreatic duct rose to more than twice the normal levels which had been established in 
patients not involved with the disease. (Slide.) Therefore he devised an operative pro- 
cedure consisting of caudal pancreatojejunostomy, the essence of which is indicated here, 
which has been employed upon several patients. He notes, in particular, that the technique of 
anastomosis in the presence of pancreatitis is a much simpler problem than is the case in the 
presence of a normal pancreas. (Slide.) On studies which were done postoperatively, it is 
rather enlightening to compare values with regard to the amount of the various digestive 
enzymes which one finds in the jejunum. The volume of secretion, in response to Secretin in- 
jection, was not greatly increased. The amylase response following Secretin preoperatively 
was very small in comparison with what is usually accepted as the normal figure, and post- 
operatively this was brought to essentially normal levels. Lipase secretion was very low 
beforehand. It was raised somewhat, but is not anywhere near normal levels after operation. 
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Bicarbonate secretion, also, was increased but not anywhere nearly up to normal levels. As a 
consequence of the initial studies which Dr. DuVal has carried out (he has employed this 
operation, I believe, at the present time upon five patients), the follow-up series is not long 
enough to draw any conclusions, even though the whole group of patients have been free of 
recurrent attacks of pancreatitis. 

[ think Dr. DuVal sums up the situation very well when he says that the study amounts 
only to a reaffirmation of the statement, so often made, that the whole matter is still un- 
settled. 


DR. SAMUEL POWERS (Albany, N. Y.).—We have also been interested in the prob- 
lem of biliary reflux into the pancreatic duct system, and in particular we wanted to develop 
an experimental preparation which simulated pancreatitis in man as closely as possible, 
preferably one which not only would undergo acute attacks, but in which recurrent acute 
attacks could be induced, so that over a period of time a chronic preparation could be made. 
In order to do this we used dogs and anastomosed the pancreatic duct, end to side, to the 
common duct. Then, after allowing a suitable period for recovery, we induced spasm of the 
sphineter of Oddi by intravenous morphine. We wanted to know whether bile reflux would 
occur under physiologic pressure and if pancreatitis would result. (Slide.) I show this slide 
merely to indicate the type of pancreatitis produced; you can see the hemorrhage in the 
center, the extreme necrosis; it is hard to appreciate here, but it is most pronounced in the 
septa, as I think is usually seen in man, then gradually encroaches on the lobules, the edge 
of one of which you can see. (Slide.) This is a picture from a dog which had had five attacks 
of pancreatitis induced by repeated injections of morphine after establishing a common 
channel, and I think you can notice the progressive fibrosis in the interstitial area, which once 
again is encroaching on and narrowing the parenchyma into small islands. The question, of 
course, came up as to whether or not this was being produced merely by obstruction of the 
pancreatic duct, due to the type of anastomosis which was being carried out, and whether 
actual biliary reflux was occurring. In order to test this, the specimens were studied at the 
time of sacrifice. (Slide.) This is an injection study taken from an autopsy specimen five 
months after such an anastomosis. The injection into the common duct was made at this 
point; I think you can see the region of the patent anastomosis. I think it significant that 
there is no appreciable dilatation of either the pancreatic duct system or the common bile 
duct. We do not mean to imply that this is the mechanism by which pancreatitis occurs in 
man, but I would like to suggest it as an experimental method for producing recurrent pan- 
creatitis which, at least, seems to simulate closely that seen in the human being. 


DR. RALPH BOWERS (Closing).—I do not wish to prolong the discussion unneces- 
sarily, but feel urged to tell you about our results with choledochojejunostomy and why we 
have approached this problem in the laboratory. Four years ago, I presented before this 
Society experiences with six patients who had undergone choledochojejunostomy for control 
of chronic, relapsing pancreatitis. Since that time there has been a total of fourteen patients. 
Some have been followed as long as five or six years. It is admitted that the cases were very 
carefully selected. Eleven of the fourteen patients have experienced control of their attacks 
by choledochojejunostomy. The three failures include one codeine addict, who states that his 
abdominal pain is controlled by the administration of 0.5 grain of codeine hypodermically. 
The other two failures have experienced an occasional mild attack, and are working normally. 
Therefore, we did not seek a different procedure because of failure to control the attacks 
(approximately 80 per cent are controlled) but because no surgeon likes to cut across the 
common duct, and certain investigators have predicted peptic uleer formation after the opera- 
tion. No uleer has been observed in the patients followed, but one common duct stricture 
occurred, which was easily corrected one year after the original operation. These three 
failures indicate that there must be other etiological factors, in some patients at least. That 
point has been properly stressed by the discussers this morning. Bile regurgitation under 
pressure, spasm of the sphincter of Oddi, and pancreatic duct obstruction are perhaps the 
most prominent etiological factors being discussed today. Therefore, we consider retrograde 
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pancreaticojejunostomy experimentally because it does not require transection of the common 
duct, it should not contribute to peptic ulcer formation, and it should meet the demands of any 
or all of these three etiological processes. It is difficult for us to accept pancreatic duct ob- 
struction alone as an important causative factor. As you know, carcinoma of the pancreas 
always obstructs the pancreatic duct, but symptomatologic pancreatitis is rarely observed. We 
have observed two cases of aneurysm of the inferior pancreaticoduodenal artery, which ob- 
structed the duct, produced huge stones in the pancreatic duct, yet neither patient demon- 
strated the slightest pain. I tried to elicit the presence of pain, and questioned and re- 
questioned one patient to the point of exasperation, when he angrily shouted: “For Heaven’s 
sake, doctor, get out of the room! I wouldn’t be here if I wasn’t bleeding.” Time will not 
permit a perusal of the facts pointing for and against the various theories. It is our feeling 
that if caudal pancreaticojejunostomy can be performed satisfactorily in a human being, as 
Longmire and DuVal have reported, and that if the anastomosis will maintain its patency, 
then the control of those patients where pancreatitis is produced by bile regurgitation under 
pressure will be accomplished by an operation more acceptable to the surgical public than 
choledochojejunostomy. Also, it should control those cases if sphincter spasm or pancreatic 
ductal obstruction could be the causative factor. One case was treated by pancreaticoduodenec- 
tomy instead of choledochojejunostomy, because the benign-malignant differential could not 
be established at the table, and he has remained well. But when the operation was completed, 
and the benign pancreatitis established as a definite diagnosis, I said to myself: “We only 
accomplished what could have been accomplished by the less severe choledochojejunostomy.” 


DR. WHITROCK (closing).—It has been a real pleasure, hearing the many views on 
this very difficult problem of pancreatitis, and it certainly has stimulated us to go on with 
further investigation. We have the viewpoint that certainly there must be another factor 
involved in the production of pancreatitis, and we are quite interested in the views of Popper 
and others in which a specific type of hypoproteinemia has been produced in the pancreas 
through the use of ethionine interfering with the metabolism of methionine. 
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HE need for a simpler, more accurate function test in suspected chronic 
disease of the pancreas is apparent. Although a number of tests have been 
devised for this purpose, all of them are either too cumbersome or not suffi- 
ciently sensitive. The present study represents an effort to develop a test 
which will be both simple and sufficiently sensitive in diagnosis of chronic 
pancreatic disease, such as relapsing pancreatitis and carcinoma, and in addi- 
tion, will give information helpful in prescribing therapy. This test is based 
upon the ability of the subject to digest and absorb a test meal containing 
radioactive-labeled protein or fat. The data to be presented have been ob- 
tained from both experimental studies in dogs and elinical studies in patients. 













MATERIALS AND METHODS 


For purposes of studying protein digestion and absorption a solution was prepared 
containing Knox gelatin 0.5 Gm. per kilogram of body weight in 200 c.c. water to which 
was added 50 we of I131-labeled serum albumen.+ For the study of fat digestion and ab 
sorption an emulsion was prepared containing peanut oil 0.5 ¢.c. per kilogram of body 
weight in equal volume of water to which were added 50 ue of 1131-labeled glycerol trio- 








leate.t 

The experimental subject was given 10 drops of saturated potassium iodide three 
times daily for three days before the test in order to saturate the thyroid with iodine. 
No food was given the morning prior to or during the test. Following administration of 
the test meal periodic blood samples were taken for analysis of blood radioisotope content. 
The radioanalysis was done in a scintillation well counter using 2 ¢.c. of venous blood, 
and the radioisotope content of the total blood volume (assumed to be 7.2 per cent of 
body weight) was calculated and expressed as percentage of ingested radioisotope. 













EXPERIMENTAL STUDIES 





The technique of the test was the same for dogs and human beings, with 
the following exceptions: (1) The test meal was given to the dogs by stomach 
tube, after which the tube was immediately withdrawn, and (2) barium was 
added to the test meal for the human being to evaluate gastrie emptying. 
Twenty control tests were carried out on ten dogs using the protein test meal, 
and fifteen tests on eleven dogs using the fat meal. Blood samples were taken 
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for radioisotope analysis at fifteen-minute intervals for three hours following 
the protein meal, and at thirty-minute intervals for six hours following the fat 
meal, After the control tests, the dogs were then subjected to total pancrea- 
tectomy under Nembutal sodium anesthesia, and then maintained on a stand- 
ard diet and insulin, for a period of one to two weeks. Ten of these animals 
were then tested with the I'*'-labeled protein meal and eleven with the I'*’- 
labeled fat meal. Fig. 1 shows the results in the control group of animals and 
panereatectomized animals following the protein test meal. Fig. 2 shows the 
results in control animals and pancreatectomized animals with the fat test 
meal. A marked decrease in per cent of radioisotope content present in the 
blood following pancreatectomy was found when either labeled protein or fat 
was given. The blood radioisotope content was lower when fat was the test 


material. 


TEST MEAL— I'5'LABELED PROTEIN 
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Fig. 1.—Average curves showing standard deviation at points indicated. 


In order to evaluate the effect of gastric emptying on digestion and ab- 
sorption of the test meal, five dogs, under local anesthesia, were prepared by 
passing a nylon catheter around the pylorus of the stomach. The two ends 
of the catheter were brought outside the abdominal cavity and tied loosely 
over a glass rod, and, when tightened, would occlude the pylorus. These ani- 
mals were studied with and without occlusion of the pylorus. When the py- 
lorus was occluded, there was almost total absence of digestion and absorp- 
tion of the test meals, as revealed by blood radioisotope levels during the 
three-hour period of the test. The results of this study are shown in Fig. 3. 
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TEST MEAL-I'>' LABELED OIL EMULSION 
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Fig. 2.—Average curves showing standard deviation at points indicated. 


TEST MEAL-I'5' LABELED PROTEIN 



































(DOG) 
18 
‘ | 
16-4 
r 
144 | et ee 
ae <7" 
ee -" 
jo “4 ‘ | 
8 P. ~ CONTROL 
o 10- J (10 Dogs—20 Tests) 
Z L 
‘ 
vol | 
S ‘ 
” ’ 
ge] | | 
Fs " 
4- r) 
‘ 
’ 
’ 
ons 
z PYLORUS OCCLUDED 
’ (5 Dogs) 
6 = 
ie) 05 1 1.5 2 25 3 


HOURS AFTER TEST MEAL 


Fig. 3.—Average normal curve with standard deviation at points indicated. Curve with pylorus 
occluded. 
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CLINICAL STUDIES 
In order to establish normal control values of blood radioisotope content 
after ingestion of a test meal of 1‘*!-labeled protein or fat, tests were carried 
out on healthy college students of both sexes. Twenty grams of barium sul- 
fate was added to the test meal and roentgenograms taken at periodic inter- 
vals to evaluate gastric emptying. To date, thirty-one normal subjects have 
been tested with the protein meal and twenty-five with the fat meal. These 
control studies are being reported elsewhere. 
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Fig. 4.—Average curve of controls is broken line with standard deviation at points indicated. 
Solid lines represent individual patient’s studies. 


After control values were established, fifteen patients with proved pan- 
creatic disease were studied in a similar fashion. These consisted of twelve 
cases of relapsing pancreatitis, two of pancreatic carcinoma, and one of cystic 
fibrosis. All patients tested with chronic pancreatic disease had their diagno- 
sis established by laparotomy, except one patient with cystic fibrosis of pan- 
creas. Ten were tested with I'*'-labeled protein and nine with radioactive- 
labeled fat. Four were studied with both protein and fat. Fig. 4 shows the 
results in thirty-one control subjects and ten patients with pancreatic disease 
tested with radioactive-labeled protein. It was found that when protein was 
the test meal, all but one of the ten patients with pancreatic disease showed 
lower blood levels of radioisotope than the normal group. Seven of the ten 
patients showed definitely low blood levels of radioisotope. In general, the 











138 SHINGLETON, WELLS, BAYLIN, RUFFIN, AND SAUNDERS Surgery 


. July, 1955 










patients with the most marked degree of pancreatic disease had lowest blood 
levels of radioisotope. The two patients with pancreatitis who showed a near 
normal range of radioisotope blood level after the protein test meal were pa- 
tients who presented a mild edematous type of pancreatitis. Fig. 5 shows the 
results in twenty-five control subjects and nine patients with pancreatic dis- 
ease tested with radioactive-labeled fat. When fat was used as the test mate- 
rial, all nine of the patients with pancreatic disease tested showed definitely 
low blood radioisotope levels. Two patients with pancreatic carcinoma were 
tested with labeled fat and both had very low blood radioisotope curves. The 
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Fig. 5 
Solid lines represent individual patient’s studies. 







tumor in both eases was in the head of the pancreas and apparently blocking 
the panereatie duct. The patient with pancreatitis whose blood level was nor- 
mal after the protein test meal was repeated four months later with the fat 
test meal and was found to have a definitely low blood radioisotope level, al- 
though his general condition appeared unchanged. 









When gastric emptying was estimated by x-ray finding and correlated 
with the blood radioisotope curves in the control group, it was seen that a 
delay in gastric emptying was associated with a delay in the time at which 
the blood radioisotope levels began to rise. None of the patients with pan- 
creatic disease tested showed any abnormality of gastric emptying. 
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DISCUSSION 

Lavik and associates! have recently described experiments in dogs before 
and after pancreatectomy using a meal of I'*!-labeled protein. They found 
a marked reduction in blood radioisotope contest following pancreatectomy. 
They also reported an increased fecal exeretion of I'*-labeled albumen in 
children with cystic fibrosis of the pancreas. Chinn and co-workers? have 
reported an increased fecal excretion of I'*?-labeled albumen in five patients 
with pancreatic insufficiency. No report has appeared concerning digestion 
and absorption studies with I'*!-labeled fat as the test meal in animals or in 


man. 
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Fig. 6. 


In the present study the findings of a significant reduction in blood radio- 
isotope levels with a protein test meal in dogs following pancreatectomy, as 
reported by Lavik and co-workers, have been confirmed. Such an effect would be 
in keeping with a diminished digestion of protein in the intestine because of 
pancreatic insufficiency. When I'*!-labeled fat was used as the test meal in 
dogs, a more significant reduction of blood radioisotope level occurred follow- 
ing pancreatectomy, indicating a pronounced impairment of fat digestion and 
absorption (Fig. 6). 

The similarity between the blood radioisotope levels with I'*!-labeled 
protein in both animal and human control groups is striking. The blood 
radioisotope levels with I'*!-labeled fat are also similar in animal and human 
control groups. As was the case in the dog control group, the human control 
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groups showed that the highest levels of radioisotope appeared in the blood 
one to two hours following the protein test meal and in three to four hours 
following the fat test meal. (Fig. 7.) This difference may be due to differ- 
ence in emptying time of the stomach and the circuitous path taken by fat 
after digestion before it reaches the blood. 
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Fig. 7. 


The rather striking decrease in protein digestion and absorption in dogs 
after pancreatectomy and in a majority of patients studied with chronic 
pancreatic disease is of interest, since one might expect that gastrointestinal 
proteolytic enzymes other than those of the panereas would bring about more 
marked protein hydrolysis. This study, therefore, emphasizes the importance 
of the pancreatic juice in protein digestion. Further, the finding of almost 
total absence of digestion and/or absorption of the protein meal after three 
hours in the stomach is of reali interest. 

The even more striking abnormality of fat digestion exhibited in dogs 
after pancreatectomy was, in general, expected, since fat digestion, sup- 
posedly, is more dependent on the presence of pancreatic enzymes than is pro- 
tein. This study would indicate, therefore, that a test using labeled fat as the 
meal is a more sensitive test of panereatic function than when labeled pro- 
tein is used. Further clarification of this point, however, is needed. 


Good evidence is now available that the measure of radioactivity in the 
blood and urine after the administration of radioactive-labeled protein or 
fat is an indication of digestion and absorption of the labeled protein or fat. 
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This evidence, to be reported in more detail elsewhere, consists of: (1) The 
radioisotope blood and urine level in normal control dogs, as per cent of the 
radioactive material given in the test meal, is relatively high with labeled 
protein. Following pancreatectomy and after the test meal the per cent of 
radioactivity in the blood and urine is low. (2) Pancreatectomy does not 
influence the absorption rate of radioactive sodium iodide from the gut in 
dogs. (3) Patients with proved pancreatic insufficiency show significantly 
lower percentage of radioactivity in the blood and urine after administration 
of a test meal of radioactive labeled protein or fat than do controls. (4) The 
per cent of radioactivity in feces is high in patients with pancreatic insuffi- 
ciency and low in control patients. Finally, in the case of protein, Lavik and 
associates have shown by paper chromatography that approximately 90 per 
eent of the I’** attached to albumen remains attached to either the protein or 
the tyrosine of the protein molecule after digestion in the intestine of the dog. 

From a chemical standpoint the bond between the I'*! and the fat mole- 
cule is a firm one, and according to the generally accepted theory of digestion 
of fat, such as the one used in this study, hydrolysis would result in the forma- 
tion of glycerol and fatty acids, to which the I'*! remains firmly bound. The 
glycerol and fatty acids then reunite in the wall of the intestine to form again 
the fat molecule before entrance into the lacteals. 

The analysis of urine and feces for radioactivity after a labeled meal of 
protein or fat may be a valuable addition to the test but requires further eval- 
uation. Feeal analysis of radioactivity apparently does represent the undi- 
gested and unabsorbed portion of the meal, and, as Lavik and associates pointed 
out in their report, may prove to be the preferred test for diagnosis of cystic 
pancreatic fibrosis in infants and children. The data obtained in patients to 
date indicate that the measurement of blood radioisotope levels for six hours 
following a test meal of I**-labeled fat, combined with x-ray barium studies 
to evaluate gastric emptying, provides a pancreatic function test of relative 
simplicity and reasonable accuracy. One must remember, however, the large 
funetional reserve of the pancreas. Early and mild change may escape detec- 
tion by a test based on digestive abnormality. Also, such a test will not dis- 
tinguish between inflammatory and malignant disease. 


SUMMARY 


Clinical study has been carried out in dogs and human beings whereby the 
ability of the experimental subject to digest and absorb a test meal of radio- 
active-labeled protein or fat is evaluated by measurement of the per cent of 
radioactive material present in the blood during periodic intervals up to six 
hours following ingestion of the test material. An additional study consisted 
in the evaluation by roentgenogram of the influence of gastric emptying on the 
rate of digestion and absorption of the test material, and showed that delay 
in gastric emptying delayed the rise of the radioactive blood level. Control 
values in dogs and man following ingestion of radioactive-labeled protein and 
fat were determined and found to be similar. Studies in dogs after pancrea- 
tectomy with labeled protein and fat showed marked impairment of digestion 





July, 1955 


142 SHINGLETON, WELLS, BAYLIN, RUFFIN, AND SAUNDERS Surgery 
and absorption as revealed by blood radioisotope levels. Digestion and ab- 
sorption of I'*'-labeled protein did not oceur in the stomach during the test 
period of three hours following introduction of the test material in the stom- 
ach in dogs with experimental pyloric obstruction. 

Studies in ten patients with proved chronic pancreatic disease, either 
relapsing pancreatitis, carcinoma, or cystic fibrosis, showed some impairment 
of digestion and absorption in nine eases as revealed by the blood radioisotope 
levels after ingestion of a test meal of protein labeled with I'*4. Nine pa- 
tients given a test meal of I'*!-labeled fat showed a more marked impairment 
of digestion and absorption, as revealed by blood radioisotope levels. Studies 
to date indicate that the use of a test meal of I'*-labeled fat in patients with 
suspected chronic pancreatic disease will yield information of real value in 


diagnosis and therapy of these disorders. 
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THE ROLE OF THE PYLORIC ANTRUM IN EXPERIMENTALLY 
INDUCED PEPTIC ULCERATION IN DOGS 
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(From the Department of Surgery, Cedars of Lebanon Hospital, and University of Southern 
California Medical School) 


LTHOUGH a ‘‘three-quarter’’ gastrie resection is most widely practiced 
for medically resistant duodenal ulcer, still it is not an ideal operation, 
for there are a number of difficulties attending its use. Among these are the 
problems in closure of a badly searred duodenum, ‘‘dumping syndrome,’’ and 
failure to gain weight. In an effort to overcome these problems, Wangensteen 
and co-workers’ have revived and modified the segmental gastric resection, 
taking at least 85 per cent of the acid-secreting portion of the stomach, and 
anastomosing the residual gastric pouch to the antrum. There has been con- 
cern, on most surgeons’ part, about leaving the antrum, because of the poor 
results attending the antral exclusion operation. It is accepted that gastrin, 
which is a strong gastric acid secretagogue, is elaborated here. Clinical ex- 
perience has shown repeatedly that, in the Eiselsberg antral exclusion opera- 
tion, the incidence of stomal ulcer is high and the mere removal of the antral 
mucosa will result in the healing of the ulcer. Wangensteen® has postulated, 
however, when the antrum is not excluded, its influence on gastric acid secre- 
tion may be different. The experiments herein reported were directed at eluci- 
dating the function of the antrum when left in continuity with a residual seg- 
ment of gastric pouch. 
METHOD 


Three groups of dogs were operated upon as follows: 


Group I. A control group of fourteen dogs in which a 50 per cent resection 
of the acid-secreting portion of the stomach was removed. Gastrointesti- 
nal continuity was restored by either a Billroth I or II procedure (short- 
loop posterior gastroenterostomy). 

Group IT, 

(A) Sixteen dogs in which a “‘sleeve’’ resection of the stomach was done, 
removing 50 per cent of the acid-seereting area and anastomosing the 
residual gastric pouch to the antrum (Fig. 1). 

(B) In fifteen dogs the extent of resection was similar to II (A), but a 
‘‘nie’’ or ‘‘wedge’’ was excised, leaving the lesser curvature intact (Fig. 1). 
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Group III. This group consisted of four dogs of Group II (A) and five dogs 
of Group II (B) who failed to develop histamine-induced ulcer after 
thirty days. These animals were reoperated upon, their antrums resected, 
and gastrointestinal continuity restored by Billroth I or IL technique 

(Fig. 2). 








SLEEVE RESECTION PIE RESECTION 















Fig. 1.—A, Fifty per cent of the acid-secreting area of the stomach is removed by a 
“sleeve” or “tubular” resection. The residual gastric pouch is anastomosed to the antrum. 

B, The extent of resection is similar to A, but the area excised is in the form of a wedge 
or piece of pie. The lesser curvature is not transected and the lines of excision are approxi- 
mated transversely. 
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Fig. 2.—A indicates the steps taken in Group III. <A 50 per cent resection of the acid- 
secreting area of the stomach is removed and continuity restored as indicated. B, After giv- 
ing histamine in beeswax for thirty days, the dogs are re-explored. When no ulcers are found, 
the antrum is resected and a Billroth I or II procedure done. C, After recovery the animals 
are again given histamine in beeswax for thirty days. Note the amount of acid-secreting 
mucosa is unchanged. 














Healthy mongrel dogs weighing from 20 to 50 pounds were used. Nem- 
butal injected intravenously was used as the anesthetic agent. An open type 
of anastomosis was done using shoelace shop clamps placed across the eardia 
and antrum to control bleeding and spillage. Suture material consisted of a 
running inner eatgut (000 chromic) layer for mucosal approximation and 
outer layer of interrupted 0000 Deknatel silk in the Lembert fashion for sero- 
muscular approximation. The determination of extent of gastric resection 
was aided by preliminary trials on sacrificed animals. In all experiments, the 
weight of the resected portion was compared with that of the residual pouch, 
at the time of death or sacrifice, to determine the percentage of resection. 
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The animals were allowed to recover from the initial surgery for approxi- 
mately one month, and then placed on daily injections of 30 mg. of histamine 
base in beeswax, given intramuscularly as described by Hay and associates.* 
These injections were given for a period of thirty days unless the animal died 
before that period had elapsed. In Group III dogs at reoperation, the stom- 
ach was opened widely and no uleers found. The antrum was excised and 
a Billroth I or II procedure performed. They were allowed a recovery period 
of thirty days and then again placed on histamine for an additional thirty 
days. 


OBSERVATIONS 
Control Group I. Of 14 dogs, 9 developed ulcers (Table I). 
Group II. (A) Of 16 dogs with ‘‘sleeve’’ resections, two developed ulcers. 
(B) In 15 dogs with ‘‘wedge’’ resections, 1 developed an ulcer. Thus, in a 
total of 31 dogs, 3 (10 per cent) developed ulcers. 
Group III. In this group, where the antrum was resected at a second operation, 


in 4 dogs with ‘‘sleeve’’ resection, all developed ulcers, and in 5 dogs 
with ‘‘pie’”’ or ‘‘wedge’’ resection, 4 developed ulcers. Thus, of a total of 


9 dogs, 8 developed ulcers. 


TABLE I. INCIDENCE OF HISTAMINE-INDUCED PEPTIC ULCERATION 








GROUP | NUMBER OF DOGS | NUMBER DEVELOPING ULCERS 


Group I 14 
Group IT (A) 16 
Group IT (B) 15 
Group IIT 9 











The extent of resection as determined (by weighing the residual gastric 
pouch at autopsy) showed rather good correlation with the estimated extent 
of resection at the initial operation. The difference is not statistically signifi- 
cant in the three groups studied. The difference in Group III is probably re- 
lated to hypertrophy of the residual stomach, for these animals survived the 


longest. 


TABLE II. AVERAGE PERCENTAGE BY WEIGHT OF STOMACH RESECTED 








ESTIMATED AT WEIGHT AT AUTOPSY 
GROUP OPERATION (PER CENT) 
Group I é 55 
controls 
Group II 
‘*Pie’’ resection 5 44 
‘‘Sleeve’’ resection : 42 
Group TIT 
Reresection group 











DISCUSSION 


These results would seem to indieate that following a resection of approxi- 
mately 50 per cent of the acid-secreting portion of the stomach, the incidence 
of uleeration, following the injection of histamine in beeswax, is greater in 
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those animals in which gastrointestinal continuity has been restored by the 
Billroth II technique, than in those in which continuity has been restored by 
anastomosing the residual gastric pouch to the antrum. The high incidence 
of ulceration following a secondary resection of the antrum and anastomos- 
ing the gastric pouch to the duodenum or first portion of the jejunum (Group 
III) also favors the concept that when the antrum is not separated from the 
residual pouch, it tends to protect the animal from histamine-induced ulcera- 
tion. 

These observations confirm the findings of Kelly and co-workers,® who 
noted that only one ulcer developed in twelve dogs with tubular resection of 
approximately 40 per cent of the acid-secreting area of the stomach. 

The different effect on gastric secretion exerted by the antrum when it is 
excluded and when it is in continuity is not clearly understood. Ivy and 
Oyawa’® showed that the secretions of the pyyloric antrum do not contain 
any acid. According to Babkin,! Sokolow showed that 0.5 per cent HCl in- 
troduced into the stomach markedly diminished the secretion of gastric juice 
from a Pavlov pouch. Dragstedt and co-workers* have demonstrated clearly 
that the stimulating effect of antral exclusion on a Heidenhain pouch in dogs 
is distinetly less if a small remnant of gastric acid—secreting mucosa is left 
attached to the excluded antrum. Furthermore, these authors observed that 
the application of acid to an isolated antral pouch could inhibit the acid seere- 
tion of an isolated gastric pouch occasioned either by distention or the plac- 
ing of food into the antral pouch. 

From our results, as well as the findings of other investigators, we may 
assume that when the antrum is in continuity with the acid-seereting portion 
of the stomach as the secretion of gastric juice increases, inhibition by antral 
function comes into play. Whether this inhibition is a specific function of the 
antrum, and if so whether it is due to decreased formation of gastrin or to 
the liberation of a specific gastric-inhibiting hormone, is not yet known. Fur- 
ther studies to elaborate these facts are, at present, in progress in our labora- 
tory. 

The utilization of a ‘‘sleeve’’ or ‘‘wedge’’ gastric resection, taking 50 
per cent of the acid-secreting mucosa, has proved useful in the laboratory in 
establishing the protective role of the pyloric antrum when left in continuity 
against histamine-induced peptic ulceration. The 10 per cent incidence of 
uleers, however, would contraindicate its utilization in man as a definite opera- 
tion for duodenal uleer. Larger amounts of acid-secreting mucosa must be 
removed to prevent the appearance of peptic ulceration in dogs. Kelly and 
co-workers*® have shown that ‘‘sleeve’’ and ‘‘wedge’’ reseetions of 75 per 
cent of the stomach completely protect the dog against histamine-induced 
ulceration. 

Wangensteen’ has reported on ninety patients with 85 per cent resection 
of the stomach, utilizing a ‘‘sleeve’’ or ‘‘wedge’’ resection, without the devel- 
opment of recurrent stomal ulceration. We have operated upon twenty-six 
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patients utilizing a similar technique, removing approximately 75 per cent of 
the acid-secreting mucosa with no fatalities and no evidence of reeurrent 
uleeration. The longest period of follow-up, however, is only two years. The 
initial response of the patients has been very gratifying. It is our distinct im- 
pression that the incidence of ‘‘dumping”’ is decidedly less than after a Bill- 
roth II procedure, although not entirely eliminated. The patients’ ability to 
regain weight, after the operation, has been better than we have noted after 
the Billroth II procedure. Berne? has also reported satisfaction with a 
‘‘wedge’’ resection of the stomach for duodenal uleer. Tle, however, com- 
bines it with a vagotomy and pyloroplasty. 


SUMMARY AND CONCLUSION 


In dogs with 50 per cent of the acid-secreting portion of the stomach re- 
moved, the incidence of histamine-induced ulcers is significantly less when 
the antrum is preserved and anastomosed to the residual gastric pouch than 
when the antrum is excised and gastrointestinal continuity is restored hy 
Billroth I or II technique. 

In nine dogs which failed to develop a histamine-induced uleer with a 
50 per cent ‘‘sleeve’’ or “‘pie’’ resection, eight did so when the antrum was 
resected and continuity restored by the Billroth I or II technique. The amount 
of residual and secreting gastric mucosa remained the same before and after 
antral resection. 

The possible mechanism by which this protective action of the antrum 
in continuity is exercised is discussed. 


The 10 per cent incidence of histamine-induced ulceration after 50 per 
cent ‘‘wedge’’ or ‘‘sleeve’’ resection in dogs precludes its acceptance in man 
as a suitable operation for peptic uleeration. An initial experience with 75 
per cent ‘‘wedge’’ resections for duodenal uleer in twenty-six patients is 
reported. The early results have been sufficiently good to encourage us to 


continue its use. 
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DISCUSSION 


DR. LYLE HAY (Minneapolis, Minn.).—Dr. Donald Ferguson at the Minneapolis 
Veterans Hospital has employed an operation of segmental resection similar to the one Dr. 
State referred to. He resects the major portion of the acid-secreting portion of the stom- 
ach and anastomoses the cardia to the antrum. By staying close to the lesser curvature 
of the stomach and not resecting the vagus nerve, he has avoided the necessity of a pyloro- 
plasty. He decides whether he is going to perform a pyloroplasty at all on the basis of 
whether he can insert his finger through the pylorus from the open antrum. He has per- 
formed this procedure for over two years in over ninety patients. There have been no 
vases of severe ‘‘dumping’’ and no recurrences of ulcer. The results look very, very 
promising, and he has laboratory evidence supporting the thesis made by Dr. State this 


morning. 











EVALUATION OF VAGOTOMY WITH GASTROENTEROSTOMY 
PERFORMED FOR CHRONIC DUODENAL ULCER 


Report BASED ON FIVE-YEAR FoLLow-vup or 145 Patients 


StanLey O. Horrr, M.D., CLEVELAND, OHIO 
(From The Cleveland Clinic Foundation and The Frank E. Bunts Educational Institute ) 


HE present report is based upon findings in a group of 145 patients with 

duodenal uleer who have been traced for a minimum of five years after sub- 
diaphragmatic vagus resection combined with posterior gastrojejunostomy. 
The group has been the subject of previous reports.1? All patients were oper: 
ated on at the Cleveland Clinic between September, 1946, and April, 1949, 
and constitute a consecutive series for this particular operation, which was 
the one most frequently employed for duodenal ulcer. About one-half the 
patients were younger than 50 years of age, and 21 patients, or 15 per cent, 
were women. The procedure was performed on 154 patients, but since 9 
eould not be traced, the follow-up is 94 per cent complete. 


CLINICAL INDICATIONS FOR SURGERY 


Chronic duodenal ulcer has been and continues to be considered a disease 
that primarily requires nonoperative treatment. During the period covered 
by this report, only 13.5 per cent of all patients seen and treated for duodenal 
ulcer came to surgery, and all of these had been regarded as failures of medi- 
eal therapy. In about one-half the patients the immediate indication for 
operation was intractability of ulcer, of patient, or of both. In roughly 40 
per cent the principal reason for surgery was some degree of obstruction; in 
about 10 per cent the indication was hemorrhage. (Operations for hemorrhage 
always were performed during a quiescent interval; for active hemorrhage, 
the appropriate operation constitutes direct control of the bleeding point and 
gastric resection.) In two patients the procedure was undertaken for possible 
malignancy. Fourteen patients in the entire group each had suffered from a 
previous perforation of the ulcer; and twenty-five patients with intractable 
or obstructing ulcers had had hemorrhages. More than three-fourths of the 
patients had had symptoms of uleer distress for longer than five years. In 
nearly every instance there was unmistakable physical evidence of an ulcer 
at the time of operation. 


THE QUESTIONNAIRE METHOD OF FOLLOW-UP 


A good many of the patients in this series have been interviewed personally 
by my colleagues or me. When it was evident that the clinical result was un- 
satisfactory, patients were urged to return for evaluation by x-ray and direct 
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examination; most of them have done so, or else have consulted other physi- 
cians whom we subsequently contacted. Since most of the patients live at a 
considerable distance from Cleveland, it was not practical to have them return 
for a personal interview and examination, particularly when they felt them- 
selves to be entirely well. Such patients answered questionnaires that were 
sent to them periodically concerning their postoperative status. The question- 
naire employed is reproduced in Fig. 1. 


THE CLEVELAND CLINIC FOUNDATION 

In an effort to help us maintain a personal interest in your condition and keep your 
record up to date, we would appreciate a prompt reply to the following questions. Please use 
the stamped, addressed envelope enclosed. 








CEE TG So teicicnncannmatindionmniien 
1. Are you pursuing your usual occupation? 
2. What is your present weight? ~....._______---. ee 
3. Has there been any ulcer-type pain since operation? 
4. Do you have any other type of abdominal pain? If so, describe. 


5. Can you eat all kinds of foods? If not, which must you avoid? 
6. Do you take any medicines regularly for your digestion? If so, what and how often? 
7. Do you vomit? If so, how often? 
8. Have you vomited blood or had tarry bowel movements? 
9. How often do your bowels move? 
10. Have you had any attacks of diarrhea? If so, how often? 
11. Do you regularly have any unpleasant symptoms coming on during or right after any 
meal? 
12. Do you regard yourself as entirely well? 
13. Are you satisfied with the results of the operation? 
14. Comments: (Use opposite side if necessary) 
Experience shows that if you don’t fill out this questionnaire NOW, you will probably 
forget to. You may thus deprive someone else of the benefits of your experience, whether 
good or bad. 


Thanking you for your cooperation, I am 
Sincerely yours, 
(Signed ) M.D. 


a ID TO pec te enna wk Ga aa ca Rn 
NAME: 








Fig. 1.—The follow-up questionnaire. 





Some writers criticize the questionnaire method as invalid, or at least 
as being much inferior to a face-to-face interview. Contrary to this belief, 
I am of the opinion that for evaluating results of surgery for duodenal ulcer, 
the questionnaire method has validity that is equal to and in some respects 
superior to that of the interview method. By questionnaire three points can 
be determined accurately: (1) whether or not the patient is pursuing his 
usual occupation; (2) the present body weight; (3) whether or not the pa- 
tient is satisfied with the results of the operation. A questionnaire also will 
tell with reasonable accuracy whether or not the patient is experiencing any 
consistent abdominal discomfort and whether he regularly takes any medi- 
eines for this discomfort. A patient of average intelligence having an ulcer 
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is able to state whether there has been a recurrence of pain or discomfort re- 
sembling the previous ulcer pain, but admittedly a personal interview is best 
for tracking down the exact nature of such symptoms. 

We have not noted any reluctance on the part of patients to express 
themselves freely, and at times foreefully, in writing about the existence of 
untoward symptoms. The phraseology of the questionnaire encourages this. 
In fact, it would seem that it sometimes is easier for the patient to do this in 
writing, in absentia, than it would be for him to tell his surgeon, or the sur- 
geon’s enthusiastic and admiring resident, to his face, because a genial and 
optimistic personality may make the patient temporarily forget any small 
complaints, in his over-all desire to please the questioner! 


VAGOTOMY + POSTERIOR GASTROENTEROSTOMY 
RESULTS 5 YEARS AFTER OPERATION 
145 PATIENTS 





SATISFACTORY -61% UNSATISFACTORY-19% 
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Fig. 2.—Chart of clinical results. 


























An annual gastroduodenal x-ray examination would be desirable for each 
of these patients if such x-ray examinations had any degree of reliability. 
Unfortunately, the roentgen diagnosis of jejunal ulcer notoriously is difficult 
and unreliable, and all these patients will show duodenal deformity if the 
duodenum ean be filled with barium. <A diagnosis of recurrent ulceration 
‘rarely can be made without a close correlation with the clinical findings, and 
X-ray evidence is not necessary to brand a patient as a failure of treatment. 


EVALUATION OF RESULTS 


Satisfactory Clinical Results—The grading of results has been based upon 
striet criteria strictly applied. After five years, 118 patients (81.4 per cent) 
of the total number constitute the satisfactory clinical results graded ‘‘Excel- 
lent’’ or ‘‘Good’’ (Fig. 2). Ninety-two patients (63.4 per cent) have been 
classed as ‘‘Excellent.’’ These patients virtually have no gastrointestinal 
complaints and lead essentially normal lives without recourse to medicines or 
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diets. A smaller group of 26 patients (18 per cent) are graded as ‘‘Good.” 
All these patients are satisfied with the results of the operation, perform their 
usual daily duties, and give no hint either of troublesome side effects or of 
recurrent ulceration. They may complain of mild flatulence or of vague up- 
per abdominal discomfort occasionally requiring medication. Some have mild 
symptoms suggestive of the irritable colon syndrome. 

Unsatisfactory Clinical Results ——A total of 27 patients (18.6 per cent of 
the total) have been graded ‘‘Improved’’ or ‘‘Failure.’’ A group of 6 patients 
(about 4 per cent of the total) have been classed as ‘‘Improved,’’ in that ulcer 
symptoms are not present, and no objective evidence of recurrent ulceration 
exists, but each of these patients is dissatisfied with the functioning of his 
gastrointestinal tract and usually requires daily medication. Psychologie 
factors loom large in this group, although it is possible that some of the pa- 
tients may prove to have recurrent ulceration. Every surgeon is familiar with 
the patient who must be classed as a poor psychologic risk but in whom an 
operation still should be undertaken for what seem sufficient reasons. In 
this group is the patient we all would like to have someone else operate on, 
since it is unlikely that he ever will be well or will be satisfied, no matter what 
is done for him. The 21 patients who have been branded as ‘‘Failures’’ deserve 


separate consideration. 

‘“Failures’*: Twelve patients in this group of 21 (8 per cent of the total) 
had proved recurrent ulceration as the cause of failure: 8 proved at a see- 
ond operation, and 4 proved by x-ray evidence and a consistent clinical his- 
tory. The other 9 patients may have recurrent ulceration, but it has not been 
substantiated by x-ray examination (Table I). The six patients in whom 
hemorrhage was the reason for classing them as failures do not necessarily 
have recurrent ulceration. I have performed exploratory surgery on similar 
patients and found chronic gastritis but no ulceration. 


ANALYSIS OF FAILURES AFTER VAGOTOMY AND POSTERIOR GASTROJEJUNOSTOMY: 


TABLE I. 
FIVE-YEAR FOLLOW-UP OF 145 PATIENTS 














FAILURES | NO. OF PATIENTS 
Proved recurrent ulceration 12 (8%) 
Uleer at second operation 8 
Symptoms and positive x-ray examination + 


Hemorrhage without other proof 6 


Negative x-ray examination 2 
Symptoms without other proof 

Dead of other cause 

Negative x-ray examination 


Total 


bh DO 





21 (15%) 





The latent period before the appearance of symptoms heralding failure 
is shown in Fig. 3. New failures have been added each year. Although the 
curve is leveling off, it will be no surprise if additional failures become mani- 
fest after much longer periods of time than the interval represented in this 
follow-up. The facts shown in this curve caused us to abandon our belief in 
vagotomy and posterior gastroenterostomy as the operation of choice for the 


patient with a duodenal ulcer. 
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Present status of failures: Four patients classed as failures have died. 
One died at another hospital following an operation for his recurring symp- 
toms; this patient must be regarded as a fatality of original treatment and 
disease. One patient died of vascular occlusion of the superior mesenteric ves- 
sels, a large jejunal ulcer demonstrated at the time of an emergency laparotomy 
for the vascular occlusion might have had a causal relationship. One died of 
bronchogenic carcinoma two and one-half years after his operation; and one 
died of a coronary thrombosis five years after his operation. Fourteen of the 
remaining 17 patients are free of uleer symptoms at the time of this follow-up 
(Table II). There are only 3 patients, 2 per cent of the entire group, with 
persistent uleer symptoms not satisfactorily controlled. These 3 patients, and 
the 6 dissatisfied patients classed as ‘‘Improved,’’ make up a residual group 
of nine patients, 6 per cent of the total, who remain unsatisfactory results of 
therapy at the present time. These results, percentagewise, compare favor- 
ably with the end results of gastric resection, although morbidity prior to con- 
trol of symptoms has not been taken into account. 


Vagotomy and Posterior Gastroenterostomy 





ACCRETION OF 
FAILURES 
NUMBER 
OF 
PATIENTS 


20 4 


PROVED ULCER 








' t 
2 3 
YEARS POSTOPERATIVE 


Fig. 3.—Time interval for appearance of unsatisfactory results. 


SIDE EFFECTS OF VAGOTOMY AND POSTERIOR GASTROENTEROSTOMY 


After five years, 7 patients report symptoms consistent with the so-called 
“‘dump’’ syndrome (Table III). Two of these patients reported an oceasional 
mild bout of diarrhea. Only 2 patients experienced symptoms of sufficient 
frequency or severity to warrant classing them as ‘‘troublesome.’’ It is clear 
that the dump syndrome as a side effect is rare, in comparison with its oceur- 
renee after gastric resection for duodenal ulcer. 

After five years, 30 patients (including the 2 with simultaneous dump 
syndrome) note the existence of ‘‘diarrhea.’’ This symptom offers an example 
of how personal questioning would help to clarify the meaning of the term in 
the patient’s mind. Some patients consider diarrhea synonymous with a daily, 
regular, soft movement, and others, with a second, loose movement following 
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PRESENT STATUS OF FAILURES AFTER VAGOTOMY AND POSTERIOR 
FIVE-YEAR FOLLOW-UP OF 145. PATIENTS 


TABLE IT. 
GASTROJEJUNOSTOMY: 














PRESENT STATUS OF FAILURES | NO. OF PATIENTS 
Dead (3 of unrelated cause) 4 
Satisfactory after gastric resection 6 


Satisfactory on medical management 
Unsatisfactory at present (2% of total) 











within minutes of a normal stool. These phenomena cannot be regarded as 
diarrhea. In 22 of the 30 patients the diarrhea was so mild or so infrequent 
as to cause no appreciable distress. In 1 patient, diarrhea was corrected by 
gastric resection for a gastrojejunocolic fistula; 1 patient had proved divertic- 
ulosis and presumptive diverticulitis; and 1 patient had a severe, unexplained 
diarrhea before operation, which continued unabated afterward. The remain- 
ing 5 patients (3 per cent of the entire group of 145 patients) each have a 
troublesome diarrhea that legitimately can be charged to the operation for 
duodenal ulcer. 



























TABLE III. INCIDENCE OF SIDE EFrrects AFTER VAGOTOMY AND POSTERIOR 
GASTROJEJUNOSTOMY: FIVE-YEAR FOLLOW-UP OF 145 PATIENTS 





_ NO, OF PATIENTS 





Dump syndrome 
All eases 
Troublesome 

Diarrhea 
All cases 30 

Troublesome 





*Two with diarrhea. 
7Excludes 1 gastrojejunocolic fistula, 1 diverticulitis, and 1 prevagotomy diarrhea. 









BODY WEIGHT 





AS MEASURED BY 





NUTRITION 





Data on the height and weight, preoperative and five years postoperative, 
are available for 134 of the 145 patients. One may gauge the presumptive 
effeet of the operation on general body nutrition by determining weight gain 
or loss since operation. Seventy-five per cent of the patients either gained 
weight or lost less than six pounds. Only 10 per cent lost more than fifteen 
pounds in weight after operation. 

One may ealeulate an ‘‘ideal’’ weight range for any given patient by 
employing life insurance tables based on sex and height.* A further division 
determined by the body build of the patient (small, medium, or large frame) 
ean be taken into consideration by using the average weight as given by the 
patient. Using this yardstick, only 8 patients (5 per cent of the total) were 
more than 10 per cent below their ‘‘ideal’’ range (Fig. 4), and only 2 patients 
were more than 20 per cent below their minimum. These 2 patients are the 
only ones who would be considered definitely underweight by the standards 
given. 

Finally, patients may be divided into three groups based on weight at 
time of operation, as suggested by Zollinger*: Group I, at or above ‘‘ideal”’ 
weight; Group II, less than ‘‘ideal’’ weight because of weight loss; Group 
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III, less than ‘‘ideal’’ weight, but never having attained ‘‘ideal’’ weight pre- 
viously. Of 72 patients in Group I, 83 per cent are in a normal weight range 
or above; of 38 patients in Group II, 55 per cent are now in a normal weight 
range or above; of 24 patients in Group III, 29 per cent are now in a normal 
weight range or above. 

The weight variations shown by the patients probably are of no signifi- 
eanee. Maintenance of body weight is not a problem following vagotomy 
with gastroenterostomy, in contrast to difficulties that patients may experi- 
ence after radical subtotal gastric resection. Only one patient of 145 men- 
tioned ‘‘inability to gain weight’’ as a problem in his life. 


VAGOTOMY + POSTERIOR GASTROENTEROSTOMY 
BODY WEIGHT 5 YEARS AFTER OPERATION IN 
RELATION TO CALCULATED "IDEAL" WEIGHT 


134 PATIENTS 


OVER “IDEAL” RANGE 


IN “IDEAL” RANGE 


BELOW "IDEAL" RANGE 


EE 10% on more 
BELOW “IDEAL” RANGE 


Fig. 4.—Chart of loss and gain in weight. 


DISCUSSION 


A failure rate of 15 per cent in this series of 145 patients makes it clear 
that subdiaphragmatic vagus resection with posterior gastrojejJunostomy does 
not qualify as the final surgical answer to the duodenal ulcer problem. On 
the other hand, the operation has several attractive features: safety, as shown 
by a mortality rate consistently less than one-half of 1 per cent; a low inci- 
dence of annoying side effects; and no impairment of the ability of the body 
to maintain weight. 

Proponents of vagotomy and gastroenterostomy have emphasized the im- 
portanee of certain technical features in attaining good results: (1) com- 
plete division of all vagal fibers; (2) placement of the gastroenterostomy at 
the most dependent portion of the stomach; and more recently (3) the place- 
ment of the gastroenterostomy as close to the pylorus as is feasible. It may 
be argue. ‘hat the patients in the series reported here were operated upon 
before all of these technical features were well established, and that better 
results should follow adherence to these principles. <A partial rebuttal to such 
a contention exists in the findings of a personal series of patients of mine 
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operated on in 1950, 1951, and 1952. During this time, every effort was made 
to divide all vagal fibers, short of transecting the esophagus, and the gastro- 
enterostomy was placed at what seemed to be the most dependent portion of 
the stomach. (This was not always next to the pylorus.) More than 100 
patients were operated on during that period, and a two- to five-year follow- 
up is available on every patient except one. There already have been 13 per 
cent failures and 8 per cent recurrent ulcers (proved either by a second opera- 
tion or by positive x-ray findings correlated with the symptoms), suggesting 
that the end result in this more recent series will be the same as that recorded 
for the present study. 

What is the ultimate place of this operation in the surgical armamen- 
tarium? The safety of the procedure, coupled with its relative freedom from 
incapacitating side effects, constantly should be borne in mind by the surgeon. 
If he is dealing with a debilitated elderly patient in whom surgery must be 
performed, but at an obviously increased risk, vagotomy with gastroenteros- 
tomy may be employed with a 99 per cent chance that the patient will survive 
the operation and an 80 per cent chance that he will be relieved permanently 
of his symptoms. If symptoms recur, there is one chance in two that they can 
be controlled without additional surgery. In only one patient out of ten, 
therefore, should it be necessary to perform the riskier gastric resection as a 
secondary procedure. 

A similar line of reasoning can apply to the patient in whom the closure 
of the duodenal stump is going to represent a major hazard. Experienced 
surgeons will anticipate such difficulty when, for example, the patient is 
obese, is taking the anesthetic poorly, and the uleer is surrounded by an in- 
flammatory mass. The surgeon may perform a vagotomy and gastroen- 
terostomy if he wishes, as the first stage of a two-stage operation, and there is 
a 90 per cent chance that the second stage will not be needed. 

Until the ideal treatment for duodenal ulcer is developed, or the ideal 
operation is found, vagotomy and posterior gastroenterostomy should con- 
tinue to find a place in the surgical treatment of the disease. 


SUMMARY AND CONCLUSIONS 


1. One hundred forty-five patients of a possible 154 have been followed 
for a minimum of five years after a subdiaphragmatic vagus resection with 
posterior gastrojejunostomy performed for chronic duodenal uleer. Highty- 
one per cent of the patients have satisfactory results. 

2. Twenty-one patients (15 per cent) are recorded as ‘‘Failures.’’ In 12 
patients (8 per cent) recurrent ulceration is regarded as proved, in 8 by the 
findings at a second operation, and in 4 by x-ray findings correlated with the 
clinical picture. 

3. One patient in the group of ‘‘Failures’’ died from a second operation 
for uleer disease at another hospital, and one died of a mesenteric vascular 
occlusion possibly related to a large jejunal ulcer. Two died of other causes. 
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Of the remaining 17 patients, all but 3 (2 per cent) are satisfactorily con- 
trolled at the present time in so far as ulcer symptoms are concerned, follow- 
ing a second operation (6 patients) or by a medical regimen (8 patients). 

4, Six patients (4 per cent) who have no ulcer symptoms (and are, there- 
fore, classed as ‘‘Improved’’) have unsatisfactory results of treatment, largely 
due to psychologic factors. 

5. Troublesome side effects of the operation are infrequent. In 2 patients 
(1+ per cent) the dump syndrome has been a problem, and in 5 patients 
(3+ per cent) diarrhea that could be attributed to the operation has proved 
annoying. 

6. Data on the body weight of 134 of these patients suggest that there is 
no postoperative impairment of ability to maintain normal weight. 

7. Since the procedure has a mortality rate of less than one-half of 1 per 
cent, and few side effects, it is believed that it should continue to be used when 
surgery is necessary in the poor-risk patient, or when the surgeon is con- 
fronted with a technical situation rendering gastric resection and closure of 
the duodenal stump unduly hazardous. 
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INTRODUCTION 





ee in surgical therapy is measured and enhanced by evalua- 
tion of the procedures employed in order that they may be encouraged or 
abandoned. Recently there have been several reports'® heralding partial 
gastrectomy with gastroduodenostomy (the Billroth I gastrectomy) as the pre- 
ferred method of dealing with duodenal ulcers requiring definitive surgery. 
Several theoretical and real advantages have been advanced. 

Recurrent ulceration in the partially gastrectomized patient is evidence of 
failure, despite the fact that some patients with recurrent ulcers profess to be 
much improved over their preoperative status. The advantages cited in the 
literature are unimportant when one is confronted with the high incidence of 
recurrent ulceration disclosed in a four-year follow-up of thirty-five patients 
with duodenal ulcer treated by partial gastrectomy with gastroduodenostomy. 
The recurrence rate in this group has been compared with that in a group of 
sixty-four patients who had similar resections by the same group of surgeons 
during the same period of time except that gastrojejunostomy was employed as 
the method of re-establishing gastrointestinal continuity. 

The eriteria for adequate gastric resection were rigidly followed. These are 
(1) the removal of essentially all of the lesser curvature, (2) the removal of at 
least three-fifths of the greater curvature, and (3) the removal of all of the 
antrum and pylorus with histologic proof that a complete ring of duodenum, no 
matter how narrow, has been removed.® In each patient the decision regarding 
the type of anastomosis to be employed was left until the resection was compieted. 
In no ease was the resection compromised to facilitate a gastroduodenal anas- 




















tomosis. 

Figs. 14 and 1B show reproductions of x-ray films comparing the size of 
the preoperative stomach to that of the postoperative. Although this does not 
allow accurate measurement of the size of the gastric remnant, it does provide 
evidence that about three-fourths of the stomach has been resected. 
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This study was previously reported by Ross and Meadows,’ at which time the 
average follow-up was about one year for the duodenal ulcer group and one and 
one-half years for the gastric uleer group. At the time of that writing there were 
four recurrent ulcers in the duodenal ulcer gastroduodenostomy group, with a 


report of two more in an addendum. 


MATERIAL 

Table I shows the number of patients involved in this study. Each of the four groups 
represents a consecutive series ending in July, 1951, but the start of each group varies some- 
what, it being necessary to go back to July, 1948, to obtain sufficient numbers of control 
patients having gastrojejunostomy for gastric uleer. The control duodenal ulcer gastro- 
jejunostomy series commenced January, 1950, and both gastroduodenostomy groups January, 
1949. 

The number of deaths during the follow-up period reflects the greater age 
of the patients with gastric ulcer. These deaths were not related to the surgery 
except in one instance. This patient died four years postoperatively and was 
found to have multiple old and new liver abscesses, a subphrenie abscess that 
communicated with the right pleural cavity plus a large abscess about the 
right kidney which communicated with the pouch of Morison. The pathol- 


ogist was of the opinion that the abscesses arose from a leak at or near the 


anastomosis or from a recurrent ulcer by that time healed. 


RESULTS 
Recurrent Ulceration.—Table IT lists the recurrent uleers observed. As re- 
ported by Ross and Meadows,’ five of the recurrent ulcers were apparent within 
The earliest recurrence was evident in three months 


one year postoperatively. 
Those with ulcers recurring early are more prone 


and the latest in forty months. 


TABLE I. EXTENSIVE PARTIAL GASTRECTOMY FOR BENIGN ULCER: 163 PATIENTS 











: 7 SUBSE- AVERAGE 
| HOSP. QUENT FOL- FOLLOW- 
PTS. DEATH DEATHS LOST LOWED UP (MO.) 





- Duodenal ulcer 
A. Gastroduodenostomy 0 35 48 
B. Gastrojejunostomy 64 47 
. Gastrie ulcer 
A. Gastroduodenostomy : 47 
B. Gastrojejunostomy é 67 
Total 
% of total 











to continuing difficulty. Five of those in the duodenal ulcer gastroduodenostomy 
croup with recurrent ulcers are still having classical uleer symptoms or signs, 
hut only one of these has accepted further surgical intervention. He had further 
resection with anterior gastrojejunostomy and has since had another massive 


hemorrhage. 











ORDAHL, ROSS, AND BAKER Mag 
At this time most of the patients with recurrent ulcers have been more 
readily controlled on a medical regimen than they had been during the period 
of medical management prior to partial gastrectomy. They resemble closely the 
picture manifest in patients experiencing their first difficulty with not too severe 
peptie ulceration. 











Fig. 1A.—Reproductions of x-ray films of two representative patients with recurrent 
ulcer following extensive partial gastrectomy with gastrojejunostomy demonstrating relative 
amount of remaining stomach. 


The one recurrence in the gastric uleer series should probably be in the 
duodenal uleer group. This patient had classical ulcer symptoms for ten years 


TABLE IT. RECURRENT ULCERATION: 134 (82.7 PER CENT) PATIENTS FOLLOWED 








| PER CENT _ 











PATIENTS RECURRENCES | RECURRENCES 
|. Duodenal ulcer SO 
A. Gastroduodenostomy 35 10 28.6 

B. Gastrojejunostomy 64 + 6 






Il. Gastric uleer 
A. Gastroduodenostomy 22 1 4.5 
B. Gastrojejunostomy 13 0 
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and was found to have high acid secretion. His symptoms had changed some- 
what prior to surgery and at operation he was found to have an acute gastric 
ulceration apparently not of long standing but with no evidence of duodenal 
ulcer. 

While the presence of a nichelike defect on upper gastrointestinal x-ray 
study is not proof positive of recurrent ulceration, this in conjunction with a 
story of epigastric distress relieved by food or alkali, or gradual disappearance 
of the niche on repeated gastrointestinal x-ray studies following a good medical 
regimen or after vagotomy, or gastrointestinal bleeding without other dis- 
cernible cause constitutes adequate evidence of recurrent ulceration. 





Fig. 16.—Reproductions of x-ray films of two representative patients with recurrent 
ulcer following extensive partial gastrectomy with gastrojejunostomy demonstrating relative 
amount of remaining stomach. 


Fig. 2 shows reproductions of x-ray films of four of the recurrent ulcers 
found in the gastroduodenostomy for duodenal ulcer group. These are the same 
patients whose pre- and postoperative roentgenograms are reproduced in Figs. 
1A and 1B. 





162 ORDAHL, ROSS, AND BAKER Surgery 


July, 1955 


Over-all Results—Table III shows the status of the patients at the time of 
this follow-up. The satisfactory results are those patients completely free of 
medical care and working regularly although some of them have minor difficul- 
ties. The unsatisfactory results include those patients requiring further medical 
care, or moderate to strict dietary regimen, and who have recurrent ulceration 
or reduced employability because of their ulcer symptoms. 


2.—Reproductions of x-ray films demonstrating the recurrent ulcers found in the four 


patients whose x-ray films appear in Figs. 1A and 1B. 


TABLE IIT. OVER-ALL RESULTS: 134 (82.6 PER CENT) PATIENTS FOLLOWED 








PER CENT SATISFACTORY | PER CENT UNSATISFACTORY 





EXCELLENT | GOOD | TOTAL | FAIR POOR TOTAL 





. Duodenal ulcer 
A. Gastroduodenostomy 23 17 40 17 43 60 
B. Gastrojejunostomy 38 32 70 16 14 30 


. Gastrie uleer 
A. Gastroduodenostomy 64 é 91 5 5 10 
Bb. Gastrojejunostomy 23 15 38 31 31 62 





The previously reported higher incidence of unsatisfactory results in 
patients having gastrojejunostomy for duodenal ulcer is reversed. The series is 
small and greatly weighted by those with recurrent ulcers. 
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DISCUSSION 

Unfortunately we do not have any mathematical proof of the percentage of 
stomach that has been resected, as has been repeatedly recommended by Harkins 
and his co-workers. Harkins stated, “It is possible that many Billroth I’s in 
particular that are called 75 per cent resections are actually 35 or 45 per cent 
resections, and that this may explain the oceasional occurrence of marginal ulcer 
following gastric resection.’* There can be no question that many surgeons over- 
estimate the amount of stomach they have resected, and this will undoubtedly 
continue to be the case either until there is a basic change in human nature or 
until all surgeons start measuring with patterns the extent of their gastrie re- 
sections. However, there appears to be a wave of enthusiasm for resection with 
gastroduodenostomy spreading throughout the country, and if this procedure 
attains wide popularity not only in the medical centers but in the community 
hospitals, it is our feeling that there may be a considerable increase in the num- 
ber of stomal ulcers that develop. The present series was carried out on a rela- 
tively small and tightly controlled surgical service, and all the surgery was 
performed by three senior surgeons and a shifting group of resident surgeons 
that averaged about ten in number. The resections for duodenal uleer may not 
have averaged 75 per cent, but there is no doubt that the resections were as 
great in the gastroduodenostomy group as they were in the gastrojejunostomy 
group; yet the recurrence rate was five times greater in the gastroduodenostomy 
eroup. Extensive work on the Billroth I procedure should continue to be 
carried out at some of the large centers, but the procedure should not be recom- 
mended to the surgical profession as a whole until considerably more follow-up 
studies have been carried out. 

SUMMARY 

A series of patients treated by extensive partial gastrectomy with gastro- 
duodenostomy for benign peptic ulcer is presented. This series is compared to a 
eroup of similar patients treated in a like manner except for repair by gastro- 
jejunostomy. 

Because of the high rate of recurrent ulceration, a ban on gastro- 
duodenostomy in extensive partial gastrectomy for duodenal uleer was in- 
stituted on this service at the time of the addendum to the preliminary report 
in 1952.7 This ban is strengthened by the additional recurrences since that 
time. 

In the over-all evaluation, patients having gastroduodenostomy have 
fared worse in the duodenal ulcer group and better in the gastric ulcer group 
than in the control groups having gastrojejunostomy. 


CONCLUSIONS 


1. Whereas theoretically gastroduodenostomy may be the anastomosis of 
choice in extensive partial gastrectomy for duodenal ulcer, we have found the 
rate of reeurrent ulceration to be prohibitively high. 

2. Gastroduodenostomy is probably the anastomosis of choice in patients 
with gastrie uleer requiring surgery. 

















ORDAHL, ROSS, AND BAKER Surgery 


July, 1955 


REFERENCES 


- Moore, H. G., Jr., and Harkins, H. N.: A Critical Evaluation of the Billroth I Gastric 
Resection, SURGERY 32: 408-425, 1952. 
. Moore, H. G., Jr., Schlosser, R. J., Stevenson, J. K., Harkins, H. N., and Olson, H. H.: 
Clinical Analysis of Billroth I and Billroth II Subtotal Gastric Resections, Arch. 
Surg. 67: 4-22, 1953. 
3. Harkins, H. N., Schmitz, E. J., Nyhus, L. M., Kanar, E, A., Zech, R. K., and Griffith, C. 
A.: The Billroth I Gastric Resection: Experimental Studies and Clinical Observa- 
tions on 291 Cases, Ann. Surg. 140: 405-427, 1954. 
4. Clagett, O. T., and Waugh, J. M.: Indications for and Advantages of Schoemaker-Bill- 
roth I Gastric Resection, Arch. Surg. 56: 758-765, 1948. 
5. Wallensten, S., and Gothman, L.: An Evaluation of the Billroth I Operation for Peptic 
Uleer, SURGERY 33: 1-20, 1953. 
6. Ross, F. P., and Warren, R.: Safeguards in Gastric Resection for Duodenal Ulcer, New 
England J. Med. 245: 475-481, 1951. 
7. Ross, F. P., and Meadows, E. C.: The Treatment of Peptic Ulceration by Extensive 
Partial Gastrectomy With Gastroduodenostomy, SuRGERY 32: 426-434, 1952. 
8. Harkins, H. N., discussion of: Harkins, H. N., Schmitz, E. J., Nyhus, L. M., Kanar, E. 
A., Zech, R. K., and Griffith, C. A.: The Billroth I Gastric Resection: Experimental 
Studies and Clinical Observations on 291 Cases, Ann, Surg. 140: 427, 1954. 
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DISCUSSION 


DR. KEITH GRIMSON (Durham, N. C.).—These two excellent reports have re-empha- 
sized the occasional difficulties which occur following subtotal gastric resection or vagotomy 
and gastroenterostomy for peptic ulcer. Differences of results reported in the literature often 
represent differences of experimental method. Probably the Billroth I operation will be 
followed by higher incidence of recurrence of ulcer than other resection techniques which more 
consistently afford good drainage. Recurrences following vagotomy and gastroenterostomy for 
duodenal ulcer as observed in referred patients have frequently been associated with a high 
position of the gastroenterostomy. The position of the gastroenterostomy rises as the increase 
of gastric tone following vagotomy decreases the size of the stomach; the conventional “de- 
pendent’’ position is, therefore, a high drainage. Barium or food is retained in the dead-end 
segment between the gastroenterostomy and the abnormally functioning pyloric sphincter or 
the scarred duodenum. Retention of food in the antrum is a well-established stimulus for 
hypersecretion and hypermotility. Our present recurrence rate during eleven years is only 2.8 
per cent, and our gastroenterostomy has been regularly located 4 or 5 em. proximal to the 
pyloric sphincter using a short loop to the greater curvature as close to the outlet of the 
stomach as possible. Recurrence of ulcer with a high gastroenterostomy is frequently 
associated with a gastric erosion rather than a jejunal erosion. 

Completeness of vagotomy is also important and can be checked by an insulin or a 
motility test. The motility test requires a Levin tube with a 300 ¢.c. balloon attached and 
a kymograph. It is much less disturbing to the patient than the insulin test. In our 
experience three of ten patients with a positive insulin test or seven of ten patients with a 
positive motility test will ultimately develop recurrence. The motility test more accurately 
predicts a poor result and may more accurately indicate incompleteness of vagotomy. 


DR. JACK MATTHEWS FARRIS (Los Angeles, Calif.)—I am sure you will agree 
that when the problem of homografts has been solved, we will still be able to maintain 
and perpetuate these meetings for some time, discussing our views on duodenal ulcer. 

I have been interested for some time in the problem of vagotomy, as a matter of fact 
having performed my first vagus operation in 1945. Since that time I have divided the 





*See page 149 for article by Dr. Hoerr. 
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vagus nerves routinely in all operations for duodenal uleer—sometimes in combination 
with pyloroplasty, gastroenterostomy, or gastrie resection, The more experience 1 have 
accumulated with this operation, the more enthusiasm I have for it. 

Also, since shortly after the War, I have had the opportunity of observing the surgical 
service in a consultant capacity at the Long Beach Veterans Hospital, Long Beach, Cali- 
fornia, where Dr. Weinberg is Chief of Surgery. During the past eight years, an enormous 
experience with vagus operations combined with various supplementary procedures has 
accrued, Our experience is very much the same as elsewhere. Vagotomy alone was done 
originally and soon abandoned as an unsatisfactory operation because of problems in gastric 
emptying. Following this experience, 350 cases of vagotomy plus posterior gastroenteros- 
tomy were accumulated with an important and gratifying improvement in results. At the end 
of this period, vagotomy was performed with pyloroplasty in an additional 500 cases. 
Pyloroplasty (Heineke-Mikulicz) has replaced gastroenterostomy wherever feasible as a 
more physiologic procedure, and also provides a more desirable anatomic arrangement in the 
event that a second operation should become necessary. 

So far, we have observed the course of about 900 patients who have had various types 
of vagus operations at the veterans’ service plus more than 100 others which I have per- 
formed personally. Therefore, this entire series, which I can report more or less “off the 
cuff,” constitutes about 1,000 patients. First of all, there have been five deaths in this series, 
a mortality rate of 4% of 1 per cent. The majority of these operations were performed by 
residents on the veterans’ service, perhaps thus accounting for the low mortality rate! Reeur- 
rent or persistent ulceration has been less than 5 per cent. The valuation of the status of the 
duodenum following pyloroplasty is extremely misleading when roentgenography alone is em- 
ployed. We feel strongly that some of the poor results obtained following the vagus opera- 
tions are due to technical defections. One must have a willingness, I think, to mobilize the 
esophagus for a distance of 4 to 5 inches below the diaphragm to make certain that all im- 
portant nerve fibers are divided. 

Now a word about results. Dr. Weinberg informs me that pyloroplasty plus vagotomy 
in the group of 500 patients has had an incidence of persistent or recurrent ulceration of less 
than 5 per cent. (Recurrent ulceration following pyloroplasty is difficult to establish because 
of duodenal deformity.) The over-all results have been classified as good in over 90 per cent 
of the instances, 

I feel confident that if I should develop a duodenal ulcer with an indication for surgery, 
| would ask Dr. Hoerr to consider strongly a vagus resection and pyloroplasty as a primary 
maneuver. I would feel that my chances of remaining well would be 8 or 9 out of 10. I 
would adopt the philosophy that this operation was the most conservative and could even 
he considered as a first stage operation. I would feel secure in that the necessity of a 
second stage would be quite remote, maybe only once out of 10, and then perhaps five or 
ten vears from now. It seems reasonable to believe that there would be an 8 or 9 out of 
10 chanee that nothing further would be required. We are all agreed that conservatism 
is the essence of treatment for duodenal ulcer in general, advising operation in only 10 or 15 
per cent of the total group. Why not, then, extend this same feeling of conservatism into 
the operating room and utilize a procedure with a minimum of risk and a reasonable chance 
of solving the problem of the ulcer diasthesis? 

In this connection, I feel that from a standpoint of teaching, we are guilty of teaching 
our younger residents that all duodenal ulcers, for example, may be handled with a single type 
of operation. In going about the country this past year, we have had the opportunity of 
interviewing a fair number of residents, and I am impressed by the fact that many of them 
are extremely arbitrary in their views as far as the surgical treatment of duodenal ulcer 
is concerned. They say that all patients should have gastrectomies, for example, or all 
patients should have Billroth I or Billroth II; many of them believe that vagotomy and 
gastroenterostomy are the solution to the problem. T do not believe, nor do you, that it is as 
simple as that. Each patient presents a problem in applied gastrie physiology, and if a 
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surgeon approaches such a patient with an irreversible, preconceived idea of what he is 
Uleers may be just as inoperable as 





going to do, I think he is making a serious error. 
cancers, and a resident who has been taught to carry out a certain objective to the bitte: 
end may well lose his patient because of a complication arising from poor closure of the 
duodenal stump. Vagus operations, when they succeed, are a triumph of physiologic 
strategy, and if they should fail, | believe Dr. Dragstedt has said this, “Although 


appointment, certainly not a tragedy.” 






a dis 







DR. R. BOWERS (Memphis, Tenn.).—There certainly is richness in what Dr. Hoerr has 
presented, in that it is stimulating and presents a thought which is old and sound, namely, that 
There is a place for gastro 






stomach operations for ulcer must not be only one type. 
enterostomy, and it is often difficult for resection-minded residents to grasp that idea. 
I wish to call atten 


Some 






times a little positive persuasion must be inserted to gain this point. 
Balfour, Heuer, Glenn, 


€ 


tion to the fact that competent and reliable observers, such as 
Cooper, and others, in the past have reported favorable results from gastroenterostom) 
alone, and the figure of suecess—85 per cent—very clearly parallels the figure of success 
However, I must disagree with Dr. Hoerr concerning the 







as reported here this morning. 
virtue of the questionnaire follow-up method as compared to the more thorough personal 
interview and examination method. We have studied our patients very much like Dr. 
Farris. It requires a lot of time and hard work, for our cases number close to the 500 
mark. In some instances, we attempted the questionnaire to save time 
have had an opportunity later to compare the different responses between the two methods. 
Much that Dr. Hoerr has said is true. For instance, Dr. George Crile, Sr., and Dr. Mont 
Reid were past masters at making a patient feel very well, sometimes when the patients 
were not completely made well by an operation. We have found that one hour’s questioning 
time is often required to really learn the true state of the postoperative gastric patient. 
Remember, many of our patients are pension-minded, and just to mention two examples: 






and money, and 









One patient’s questionnaire suggested that he was miserable from the gastric operation, 





so we sent for him, and when he arrived, it was learned that the pains were located in the 
After more 





back, in the hip, and in the ear, but not anywhere in the gastrointestinal tract. 
devil wanted his pension back. 





than one hour’s questioning, we learned that the poor 
Here the questionnaire would have given our operation 
second case was that of a clergyman whose obesity before gastric resection was a source 


an unjustified poor result. The 







of grief to the patient’s wife. The questionnaire revealed an alarming loss of weight, so 
we sent for him. During this particular postoperative visit, I had the opportunity to dine 
with him, and noticed the great weight loss. I asked him if anything was the matter, and 
“Nothing, I feel fine.” But during the repast, I noted that he would not use 
When 







he said: 
sugar in the coffee or eat bread, pastry, or any of the ordinarily fattening foods. 






asked why he did not eat these foods, he exclaimed: “My wife still has the diet for weight 





reduction that the physician used prior to my operation, and she makes me use it so that 





[ will not return to my preoperative obese state.” Another hour and a half were needed 





to convince the wife to permit the patient to return to normal eating, which soon adjusted 
Had we depended upon the 





his weight to a figure slightly above his physiologic weight. 
questionnaire, he would have been classed in the group of abnormal weight loss following 








resection. 






DR. J. T. PAYNE (Seattle, Wash.).—The work of Dr. Harkins was mentioned bv 
Dr. Ordahl, and since he has been one of the proponents of the gastroduodenostomy, I felt 
obliged, as a member of his loval opposition, to say a few words in his behalf for a change. 
We furnish the controls for his Billroth I work at the Veterans Hospital. Our feeling has 
been that if one elects gastric resection, the reconstruction in a properly performed gastric 
resection with an adequate margin above the antrum, removing a sufficient amount of the 





acid-producing portion of the stomach, one can look forward to a fairly satisfactory result. 
Dr. Harkins now has approximately 200 patients who have had a Billroth I reconstruction 


after resection for duodenal ulcer, and he has two or three recurrences, a relatively small 
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number. We have 174 gastric resections with a Billroth II type of reconstruction. We 
have followed 125 of these for approximately three vears, and we have two recurrences. 
We point to our results, but we cannot say that we have as much weight gain; we cannot 
say that our dumping is as little as in Dr, Harkins’ series; however, we can say that we have 
the difficulties of pension and still are able to produce satisfactory results. 

Our feeling still is (and I will repeat what I said before) that the adequacy of resection 
is the important thing; reconstruction merely adds icing to the cake. 


DR. FREDERICK P. ROSS (Fitchburg, Mass.).—I merely want to say two things. 
One is that we have been very aware of Dr. Harkins’ group’s success with this procedure 
compared with our failures, and we have searched our souls as best we can. We have 
decided that although we may not have resected as much as he has in all cases, we are 
perfectly sure that we have resected an equal amount of stomach in our two groups, those 
reconstructed by gastroduodenostomy and those reconstructed by gastrojejunostomy, and 
we cannot get away from the fact that we have this enormously greater—five times—recur- 
rence rate in the Billroth I group. 

The other point I want to make refers to surgery in the communities as opposed to 
the university centers. I am now a community surgeon. The things reported in meetings 
of this type, the basic advances and the experimental work, take a long time to filter 
through to the community surgeons, but when a new or varied technique is deseribed 
which any competent surgeon can incorporate into his armamentarium, it is very likely 
to be taken up quite eagerly and rapidly, and it is my impression that a lot of resections 
with gastroduodenostomy are being carried out throughout the country in the smaller hos- 
pitals and in the nonuniversity hospitals. This may turn out to be all well and good, but 
I have very grave doubts about it, and I would much rather see Dr. Harkins’ group and 
similar groups go on with their studies for some time before we offer this procedure for 


general consumption by the surgical profession. I know that I have completely given it 


up for people with duodenal ulcers requiring surgery. I still use it happily for people with 


benign gastric ulcers. 


DR. LEROY L. KLEINSASSER (Dallas, Texas).—Before having the discussion close, 
we have been impressed by one other ingredient which I have not heard mentioned, and that is 
the inability of some of these people to work, that is, to perform hard labor. Some of these 
people do have occupations which require them to perform this unpopular task, and we have 
heen impressed that the more extensive the gastrie resection, the less is the individual able to 
carry on hard work. I do not know whether any of these patients have heen evaluated for this 
particular point, but this has impressed us. 


DR. STANLEY O. HOERR (Closing).—TI should like to thank the discussers, and agree 
with Dr. Farris that I hope that for many years we can continue to argue over the merits or 
demerits of various procedures concerning duodenal uleer. | think that Dr. Grimson is quite 
correct in stressing technical features for the performance of gastroenterostomy. It may be 
that placing the gastroenterostomy close to the pylorus, as he has done, accounts for the 
superiority of his results and of Dr. Dragstedt’s results. I know that when I now perform 
the operation I am very, very careful to place the gastroenterostomy very close to the pylorus. 
There is not any answer, that I know, to the point that Dr. Bowers brought up; namely, that 
the results shown here are not substantially different from those noted in the past from 
gastroenterostomy alone. | think it is true that not all of the reported series for gastro- 
enterostomy had good results in 85 per cent of the patients, and I recall reading some 
reports where recurrent ulceration is noted in as many as 60 per cent of patients having 
gastroenterostomy. Whether a patient is followed by questionnaire or by personal inter- 
view, or preferably by both, is not as important as the fact that he is followed. I per- 
sonally feel that a follow-up, by whatever method, that is close to 100 per cent, is superior 
to another follow-up by any other method which is only 75 per cent. I think those of us 
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who are interested in this problem should look at these patients as persons who should be 
followed for the duration of their lives, and our lives, so that we can get the final answer. 
They should be followed exactly the way cancer patients are followed, and believe me, it is 
quite a chore to do it, but I am sure it is worth while. That little residual group which 
you pick up by using the telephone, the U. 8S. mail, or the automobile, will help us to arrive 


at a logical, final conclusion as to what to do for these patients. 


DR. NORMAN B. ORDAHL (Closing).—First, I should like to thank those who have 
discussed these presentations for their fine contributions. 

There is but one more point I should like to present at this time, and this deals witli 
the possible etiology of the greater incidence of recurrent ulceration in those having gastro 
duodenostomy in our series. It has been my experience in doing gastric analyses in thes 
patients to find almost no bile contamination of the gastric secretions in the patients with 
gastroduodenostomy but often very marked in those with gastrojejunostomy. Perhaps this 
lack of alkaline bile in the region of the anastomosis in the gastroduodenostomy patients 
accounts at least in part for their greater tendency to produce recurrent ulceration. 








CAPILLARY HEMANGIOMAS OF THE SKIN 
JOHN J. Mopuiin, M.D., Cotumsia, Mo. 


HIS paper is concerned with follow-up observations of a group of un- 

treated capillary hemangiomas, an anomaly which is encountered often 
enough in pediatric practice to be of some importance. Bivings' reported an 
incidence of such hemangiomas in 4 per cent of 4,881 consecutive office pedi- 
atric records. It is emphasized that the hemangiomas studied in this report 
include only the capillary type. Other terms include ‘‘arterial hemangioma’’ 
and ‘‘strawberry nevus.’’ The ‘‘port-wine’’ stain, sclerosing hemangioma, 
spider angioma, lymphangioma, hygroma, cirsoid aneurysm, and diffuse vis- 
ceral hemangiomas are not ineluded. 

Most authorities have stated that infantile hemangiomas should be treated 
without delay when first observed. Immediate treatment by means of in- 
terstitial irradiation is strongly urged by Brown,?* while others advocate 
immediate treatment by means of radium plaques, external roentgen therapy, 
cautery, carbon dioxide snow, or sclerosing agents.*° MeCuistion,’® in a 
recent article, emphasized that the cavernous type of infantile hemangioma 
may, if untreated, persist into adulthood. His article includes photographs of 
five adults with cavernous hemangiomas, and he stated that it is his belief 
that all hemangiomas showing an appreciable cavernous element should have 
early treatment. Walter,'® on the other hand, has stated that there is a high 
percentage of mixed hemangiomas, with both cavernous and eapillary com- 
ponents. In his untreated cases, eighty-three in number, there was little 
difference between the cavernous and the capillary types as far as their tend- 
eney to spontaneous regression was concerned. 

In the present series of fifty-two consecutive cases no lesions which were 
predominantly cavernous in type were encountered; however, four eapillary 
hemangiomas with a partial cavernous component are included. 

Despite such strong agreement concerning the management of infantile 
hemangiomas there have been a few reports to the effect that these lesions 
are not as dangerous as the previously mentioned authors indicated. Lister,’? 
in 1938, reported a series of seventy-seven patients with ninety-two capillary 
hemangiomas (which he identified as ‘‘strawberry nevi’’) that were followed 
without treatment for various periods up to seven years. Of these, forty-nine 
entirely disappeared, thirty-eight were definitely showing regression and were 
still under observation at the time of his report, and five showed beginning 
retrogression when they were lost to follow-up. He emphasized that the 
natural history of the hemangioma is one of rapid growth for six months to 


This study was conducted with the aid of a grant from the Missouri Division of Health, 
James R. Amos, M.D., Director, and the Bureau of Cancer Control of Missouri, C. W. Meiners- 
hagen, M.D., Director. 

— Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
JJO. 
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one year, with subsequent spontaneous retrogression. It struck him as re- 
markable that ‘‘strawberry nevi,’’ which are so common in infants, are so 
seldom seen in school children or adults. He made the cogent observation that 
the spontaneous regression of these lesions may well explain the uniformly 
good results recorded following treatment, whatever may be the method advo- 
cated. Walter’® compared eighty-three untreated hemangiomas with eighty- 
eight which were treated by irradiation and coneluded that there was little 
difference in the two series when the final results were compared. Other 
writers'* 1* have reported similar spontaneous regression of these lesions, the 
latest report being that of Bivings,’ who, in 1954, reported follow-up observa- 
tion on 190 untreated hemangiomas. 

Our interest in this problem began in 1947 when a number of patients 
with capillary hemangioma were referred for treatment to the Ellis Fischel 
Cancer Hospital. Attention was directed to the report of Lister,* and it was 
decided that some of these infants should be followed closely without treat- 
ment in order to determine the natural evolution of the capillary hemangioma. 

Since 1947 a total of forty-two consecutive patients with fifty-two eapil- 
lary hemangiomas have been examined at regular intervals. The follow-up 
results in this series have so fully corroborated the observations of Lister and 
are so markedly at variance with the observations of those who advocate 
vigorous treatment of all hemangiomas of this type that a report of these pa- 
tients seems indicate. 

PATHOLOGY 


Some of the disagreement concerning the capillary hemangioma may well 
stem from the fact that its origin and pathologie physiology are poorly un- 
derstood. Watson and McCarthy’ stated that simple angiomas are congenital 
in nature and have their origins in embryonic sequestrations of mesodermal 
tissue growing from projecting buds of endothelial tissue. As emphasized by 
them, since seventy-three of their patients exhibited their tumor at birth, it 
seems plausible that hemangiomas are of congenital origin. Brown® labeled 
these lesions arterial hemangiomas, and stated that the arterial hemangioma 
is possibly the only type that is neoplastic, the others apparently being on the 
basis of congenital anomalies rather than tumors, at least for a time. Ile 
stated that in the capillary hemangiomas ‘‘the endothelium seems to be ready 
to invade tissue, and this is perhaps the only type of hemangioma that becomes 
malignant.’’ If, as Brown has stated, the capillary hemangioma actually is a 
new growth and can become malignant, one should be able to determine this 
by careful observation of a number of untreated patients. 

Most of the hemangiomas in the present report were followed without 
treatment and, thus, there are few histologic sections available. Eleven le- 
sions were excised, however, and a review of these sections} leaves the impres- 



























*By Dr. Isadore Lampe,“ who has also followed a number of these patients (at the 
University of Michigan), and by Dr. J. A. del Regato, then radiotherapist at the Ellis Fischel 
Cancer Hospital. 

+Richard E. Johnson, M.D., Pathologist, the Ellis Fischel Cancer Hospital, Columbia, Mo. 
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sion that the similarities are far greater than the differences. There is a pre- 
dominance of small capillaries closely packed and delineated only by a deli- 
cate network of reticulin fibers. The endothelial cells are plump but uniform 
in appearance. The lumen either is very small or cannot be identified. In 
the dermis the growth pattern is that of diffuse enlargement of the vascular 
plexuses with apparent replacement of the normal connective tissue. In the 
subeutaneous fatty tissue, the pattern of replacement is lobular, corresponding 
to the normal architecture in this region. In none was there evidence of com- 
pression of the adjacent tissues to suggest an expansile growth. Instead, the 
margin appears to undergo extension through an infiltration of the intercel- 
lular spaces by single capillaries with subsequent separation of the fibrous tis- 
sue cells and fibers or atrophy in the ease of fat cells. Accessory skin append- 
ages remain intact so far as can be determined. 

In one ease, the question of malignancy was raised initially by the pathol- 
ogist on the basis of an unusual number of mitotie figures in the endothelial 
cells. There are no features in the clinical history, examination, or subsequent 
course to substantiate this impression. In retrospect, the morphologic diagno- 


sis seems to have been an overestimate. 

In none of the sections were there seen any changes that would justify 
interpretation as evidence of spontaneous regression. Occurring anywhere 
within the tumors, but more commonly near the surface, there was maturation 
of the vessels in the sense of enlargement of the lumen and superficially 
placed foci of fibrosis and lymphoeytie infiltration, probably the result of 


trauma. 

No sections are available of the sites in which spontaneous regression is 
known to have occurred. To excise such a region deliberately would con- 
stitute a contradiction of the purpose of conservative management. As long 
as one is willing to accept the evidence of his own eyes through observation 
of the living patient, the lack of such sections does not represent a serious 
loss of information. 

If, as Brown has indicated, capillary hemangiomas do become malignant, 
this must be a rare development, since it was not observed in any of the 
hemangiomas in this series. It seems more logical to adopt the concept of 
Lister; that is, that the natural history of the capillary hemangioma indicates 
a congenital anomaly of blood vessel origin with the onset noted at birth or 
shortly thereafter, rapid enlargement for six to twelve months, and there- 
after, retrogression. Since spontaneous regression is apparently the rule and 
is almost never observed in truly malignant tumors, it is illogical to consider 
such hemangiomas as true neoplasms. Stout! has investigated the problem of 
the so-called metastasizing hemangioma and is doubtful if this entity exists. 
He reported eighteen examples of malignant vascular tumors (hemangio- 
endotheliomas). Of these, only two were in infants (3 and 11 months of age, 
‘espectively), and both children were without evidence of recurrence at twelve 
ond thirty months after surgical excision. 
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MATERIAL 


Between January, 1947, and May, 1954, a total of forty-two children with fifty-two 
capillary hemangiomas have been examined and followed at regular intervals (Table I). 
With one exception* these represent consecutive cases. Twenty-nine patients have been 
followed three or more years. Twenty-nine of the children were girls, thirteen were boys; 
six children had two hemangiomas and two children had three such lesions. In forty-eight 
of the fifty-two hemangiomas there was a definite history of rapid enlargement of the le- 
sion after it was first noted. This rapid growth was usually the reason that the child was 
brought to an institution treating only malignant disease. Although forty-four heman- 
giomas were noted within one week after the child was born, and despite the fact that a 
total of forty-eight gave a history of rapid growth, only two children were brought for 
examination prior to 2 months of age. One of the group was a 6-year-old boy with what 
appeared to be a capillary hemangioma of the chin, but with this exception all of the 
fifty-two hemangiomas were in children who were less than 2 years old at the time of their 
initial examination. As will be discussed later, the fact that many of these children were 
seen at a relatively late stage of development of their hemangioma had a very important 
bearing on the type of treatment that was utilized. 

Twenty-five lesions involved the face, neck, or scalp; seventeen were located on the 
extremities, and ten were on the trunk. While the location of the hemangioma is of ex- 
treme importance in the determination of treatment, of equal or greater importance is the 
size of the lesion, as will be discussed later. 

Thirty-one of the fifty-two hemangiomas received no treatment of any kind (Table 
I). Eleven were surgically excised shortly after they were first examined. Ten lesions 
received ‘‘token’’ irradiation in order to placate anxious parents and to prevent more 
vigorous treatment elsewhere. The irradiation consisted of external roentgen therapy in 
the total dosage of 250 roentgens in seven patients, 500 roentgens in two patients, and 
the exact amount was not stated in one patient whose lesion was treated only once prior 
to examination at the Ellis Fischel Cancer Hospital. It is our opinion that this minimal 
irradiation limited to a single treatment of not over 500 roentgens had no destructive 
effect on these lesions. There was no observed difference in the rate of regression of the 
irradiation when compared with the group of 


° 


ten hemangiomas which received ‘‘ token 
thirty that received no treatment of any kind. The conventional roentgen therapy of 
hemangiomas (except the port-wine type) has reached a much higher total dosage and 
has been in the neighborhood of 200 to 300 roentgens of superficial or constant x-radia 


tions given every four to six weeks for a total of 100 to 1,500 roentgens.17 


TABLE II. CAPILLARY HEMANGIOMAS: RESULTS OF UNTREATED CASES 








Total untreated lesions 4] 
Complete regression 24 
Definite and continuing regression 14 
No regression iy 

6t 


Complications 





*Agpe, 5 months at time of report. 
+Ulceration; later spontaneous healing. 


RESULTS 


Two patients were lost to follow-up. Eleven of the remaining fifty 
hemangiomas were excised. Of the remaining thirty-nine, complete regression 
has oceurred in twenty-four (61 per cent), and definite and continuing regres 
sion is occurring in fourteen of the fifteen untreated lesions (Table Il). One 















*A boy with three hemangiomas previously treated elsewhere by means of interstitial 
(radon) irradiation was omitted from the series. 
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child 3 months of age at the time of this study showed slight progression of the 
hemangioma. In no case was there evidence of progression of a hemangioma 
after 1 year of age, nor was there destruction of features, serious hemorrhage, 
or loss of life. One child was first examined at 1.5 months of age with a large, 
ulcerated hemangioma of the buttock. Unfortunately, this child was one of 
the two lost to follow-up. Another child 6 years of age when first seen had a 
1 em. hemangioma of the chin present since birth which had remained station- 
ary in size after 6 months of age. This was excised with a good esthetie re- 


sult. 


Pig. 2. 


Uleeration occurred in six of the hemangiomas, with spontaneous healing 
in five cases. The outcome of the sixth case (as stated previously) is not 
known. Bleeding was reported by the parents in three of the six lesions that 
ulcerated, but it was neither serious nor a threat to life. The impression was 
gained that disappearance of the hemangiomas was hastened in the five 
lesions whieh exhibited ulceration. There was no instance of malignant 
change, nor of the so-called benign metastasizing hemangioma. 

Of the twenty-four lesions considered to have regressed completely, the 
site of the former hemangioma could be detected as a white, slightly searred 
area in fifteen patients (Fig. 1, Case 1), and as a raised or ‘‘puffy’’ projection 
(without, however, the previous red discoloration) in three cases (Fig. 1, Case 
2; Fig. 2). In these latter cases, surgical revision of a minor nature will un- 
doubtedly be necessary to achieve the optimum esthetic appearance. How- 
ever, it is emphasized that the present result in these three cases can be classi- 
fied as excellent even without the contemplated surgical correction. In six 
cases the site of the former hemangioma was difficult to detect (Fig. 1, Case 
3; Fig. 3). 

Included in the twenty-four lesions undergoing complete spontaneous 
regression are four which exhibited a partial cavernous component. As 
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previously stated, no lesions were encountered which were of the predomi- 
nantely cavernous variety; therefore, no observations could be made concern- 
ing the natural history of this type of hemangioma. Certainly these lesions 
must occur infrequently in comparison with the frequency of the capillary 


type. 





Fig. 3. 


DISCUSSION 
The results in this group of fifty-two capillary hemangiomas would seem 
to indicate that vigorous treatment is not necessary in every case. When an 
infant is seen at birth with a small capillary hemangioma which ean be easily 
destroyed or excised without deformity, it follows that this should be done 
rather than to allow the lesion to inerease in size. Indeed, eleven were excised 
when first seen. All but one of these were seen at an early stage of their dis- 
ease, and with lesions which were either small enough to permit treatment 
without deformity or were located in areas where treatment could be admin- 
istered without resultant serious deformity. At the Ellis Fisechel Cancer 
Hfospital, these children were often seen, however, at a time when their 
hemangiomas had reached a late stage development. Thus, forty-one hem- 
angiomas were first seen at a time when the lesion was adjudged to be too 
large for treatment without deformity, or was situated in an area where it 
was believed that treatment would produce undue deformity. The fact that 
twenty-four of these completely regressed without treatment and that an ad- 
ditional fourteen are at present undergoing definite and continuing regression 
is strong evidence that not all hemangiomas need be treated. 


It is undoubtedly true that competent irradiation, whether by means of 


external roentgen therapy, radium, or interstitial irradiation by radon seeds, 
is satisfactory treatment in many cases. Lister’s observation that ‘‘the spon- 








3 
4 
| 
Q 
a] 
4 
- 





A ICED 


Volume 38 CAPILLARY HEMANGIOMAS OF SKIN 177 
taneous regression of these lesions may well explain the uniformly good re- 
sults recorded following treatment, whatever may be the treatment advo- 
eated,’’ is to be re-emphasized in the light of the results in this series. In selected 
patients it would seem that judicious restraint is the best plan to follow; cer- 
tainly overtreatment, particularly by means of irradiation, is to be avoided. 
It is probable that some of the bad results, such as severe ulceration and de- 
struction of features, which have been attributed to the growth potentialities 
of the capillary hemangioma may, in fact, be due to overtreatment and re- 
sultant destruction of tissue following well-meant but poorly administered ir- 
‘adiation. 

There has been a surprising lack of well-documented and well-followed 
series of capillary hemangiomas in the literature, both with and without treat- 
ment. Many authors*'° have emphasized that rapid growth is a common char- 
acteristic of the capillary hemangioma. However, lack of follow-up of an ap- 
preciable number of patients without treatment seems to have prevented the 
equally important observation that the growth of most of these lesions is 
limited to a period of not over one year, with subsequent regression there- 
after. From the data in this series it apears that regression can be depended 
upon in the majority of cases. Not a single patient was endangered by adop- 
tion of a conservative observation-only policy, a fact that should be em- 
phasized in order to prevent overtreatment in some of these cases. 

The fact that none of the fifty-two hemangiomas occurred in children 
over 7 years of age and that none was observed in adults is further evidence 
that spontaneous regression must be the rule. A 6-year-old boy with a 1 em. 
(diameter) capillary hemangioma situated on the chin was the oldest patient 
in this series, and this lesion had never progressed, according to the parents, 
after 6 months of age. It was readily excised with a good esthetic result. 
The histologic appearance of this lesion was indistinguishable from that of 
the other typical capillary hemangiomas. Lister’s observation’? that he had 
never seen a typical ‘‘strawberry nevus’’ in an adult has been borne out in 
this series. 

As emphasized by others, ideal treatment of the capillary hemangioma 
consists of destruction or excision shortly after birth and before the usual 
rapid growth has occurred. From the practical point of view, however, it 
should be pointed out that many children will be seen after the lesion has 
reached a size where active treatment will produce more deformity than will 
result from intelligent conservatism. The experience gained from the patients 
included in this report would seem to indicate that when the hemangioma is 
situated on the face and, in particular, is in close proximity to the eye (Fig. 
3), and when it has already become larger than 2 em. in diameter, one is 
justified in recommending only close observation at one- to two-month inter- 
vals. The parents of these children are usually apprehensive, and frequent 
examinations help to allay this anxiety. Careful measurements and color 
photographs repeated at regular intervals provide a tangible means of reas- 
surance, and were regularly employed in this series. 
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It is interesting to note that forty-four of the fifty-two hemangiomas were 
noted either at birth or shortly after birth and, also, that early rapid growth 
oecurred in forty-eight lesions. Strangely enough, although thirty-two chil- 









dren were first examined at 6 months of age or younger, only one hemangioma 





showed definite increase in size while under our observation. In this series, 
then, the characteristic rapid growth has been confined to the first three to 
six months of age. The length of time necessary for complete regression 
varied considerably, the shortest time being one year and the longest, four 
years. Thus, all the twenty-four lesions adjudged to have completely re- 
gressed did so within 1 to 4 years of age. It should be noted, however, that 
some of the children in this report will be older than 5 years of age at the 
time of complete regression. One girl (Fig. 4) is now 5.5 years old, with both 















of the hemangiomas still undergoing regression. 





SUMMARY 









Thirty-nine capillary hemangiomas have been followed without treatment 
at regular intervals. Twenty-four have completely disappeared at 1 to 4 





years of age, and fourteen are showing definite and continuing regression at 
the time of this report. All but one of fifty-two consecutive capillary he- 
mangiomas occurred in children who were less than 2 years of age at the time 
of their initial examination, and no eapillary hemangiomas were noted in 
adults. In none of these children was there serious hemorrhage or threat to 
life, and there was no instance of the so-called metastasizing hemangioma or 











other evidence of malignant tumor of vascular origin. 
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It is emphasized that ideal treatment of infantile capillary hemangiomas 
consists of destruction or surgical excision early in life before the charac- 
teristic rapid growth occurs. The fact remains, however, that many lesions 
will be seen after enlargement has occurred, and it appears that these may 
be followed closely without treatment. It is probable that judicious restraint 
may produce a much better end result than that following well-meant but 
vigorously applied destructive methods of treatment. There is need for ad- 
ditional reports of conservatively managed eases in order to determine the 
true natural history of these lesions. 
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DISCUSSION 


DR. C. EVERETT KOOP (Philadelphia, Pa.).—Except for phimosis, probably the 
hemangioma just described is the most common visible lesion seen in the surgical outpa- 
tient department in many children’s hospitals. We have seen, I suppose, three or four 
hundred of these, and IT would agree almost completely with everything Dr. Modlin has 
said. There are two aspects of therapy that concern me greatly. One is the injudicious 
use of carbon dioxide snow by pediatricians and general practitioners which so frequently 
leaves behind a greater scar than you would get either by surgery or by doing nothing. 
The second thing bothers me even more, and that is the radiologic treatment of these le- 
sions wherein the radiologist requires that the child be anesthetized, or at least narcotized, 
while having his therapy. I have been amazed at watching this type of therapy in various 
places, to see children given Nembutal, Pentothal, or Avertin by rectum, placed on a table 
in an x-ray department, and left unattended while given x-ray therapy. I have seen such 
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patients become obstructed and were rescued from their difticulty only by the rapid appear- 
ance of an attendant. I am convinced, as Dr. Modlin has said, that the dangers of treat- 
ment are to be considered, especially when results with doing nothing at all may be far 
superior, cosmetically. We do find that, in tiny babies, these lesions are much more 
frightening than in an older child. We have used electrodesiceation on tiny pin-point 
hemangiomas as soon as they occur, in the sixth to eighth day of life, and have found 
that such treatment is not followed by extension of the lesion. 


DR. DAVID W. ROBINSON (Kansas City, Mo.).—As one beset by this problem fre 
quently, [ am most pleased to see this very interesting clinical follow-up study to show the 
pathogenesis of this disease and to reassure many people that these do not have to be 
treated. There is a real controversy that takes place in many tumor boards of many hos 
pitals. The pediatricians insist that these will go away, largely, and the surgeons and, 
oddly enough, the dermatologists as a team say that they will not, and will have to be 
treated. There are some instances wherein, I think, treatment should be done rather 
‘arly. Lesions that occur in the perineum so often ulecerate, slough, and are secondarily 
contaminated by many organisms that one should treat these for the fear of bacteremia 
and septicemia, which we have seen with such type lesions. One cannot always be sure of 
the progress of this disease, and wherein one might think that a lesion is quite benign, 
later on he may be completely fooled by what happens. I would like to show first (slide 
what was thought to be a port-wine stain. My late friend and preceptor, Earl Padgett, 
had seen the man in his 40’s with a rather ghastly hemangioma, sent back for a photo- 
graph of how he looked in his childhood, and this is the way the child looked in the photo- 
graph early (slide). This so-called port-wine stain, an intradermal or immediately sub 
dermal capillary type angioma, or capillary ectasia, produced this type of ghastly lesion 
at a later date; so one cannot always be positive of the pathogenesis of this lesion. 
Again, let me say I am most impressed with this study. I can use it to advantage in dis 
cussing with the parents of my patients, who really put the pressure on when they have 
watched a small lesion the size of the head of a pin increase rapidly over two or three 
months in the tiny baby to something they think will disfigure their little girl for life. 
If one can simply wait and not treat these, to a very large measure they will go away. 
If one wants to treat them, the time to do it is very early. 


DR. JOHN J. MODLIN (Closing).—Dr. Koop and I are agreed that the early small 
capillary hemangioma should be treated when first observed. Simple excision or cautery 
destruction is productive of a good esthetic result and should be done to prevent the initial 
rapid growth which usually occurs. The case illustrated by Dr. Robinson did not appear 
to be a capillary hemangioma nor did it appear to be a cavernous hemangioma, and I won- 
der if it could have been a port-wine stain. No similar lesions were encountered in the 
children who were included in the present report. The question of whether or not the 
predominantly cavernous hemangioma will spontaneously regress cannot be answered from 
the data in this report. However, lesions which were partially cavernous in type seemed 
to disappear as readily as the purely capillary type, and judging from the recent report of 
Walter in Great Britain, I suspect that the majority of cavernous hemangiomas will also 


disappear without treatment. 
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Gibson Laboratory, School of Medicine, University of Pittsburgh) 


OLLOWING reports of the value of oxygen in protection of the liver from 

the toxic effects of anesthetic agents,’ 2 results of increased arterial blood in 
reducing the incidence of irreversible shock,* * and the work of Markowitz’ on 
hepatie artery ligation in animals, it was natural that study of the effects of 
increasing the arterial blood supply to the liver should gain impetus. Schilling,® 
in 1950, reported successful hepatie artery—portal vein anastomoses in three 
dogs in apparent good health up to eighteen months, and in a subsequent paper‘ 
observations were presented on four animals surviving five years after this pro- 
cedure. Cohn,* completely arterializing the portal vein, at first found no 
deleterious effect in animals with grafts proved open for four months, but in 
a later paper? deseribed hypertrophy of the portal venous radicles and a 
necrotizing fibrinoid vasculitis of some of the veins. These lesions were 
present in animals arterialized for a relatively short period of time. 

Using a technique reported upon,’ the effects of total hepatie arterializa- 
tion have been studied in this laboratory. It has been demonstrated" that 
normal dog liver will totally regenerate when portal blood has been replaced 
by arterial blood and that an increased hepatic blood flow will result in aug- 
mented regeneration. Aside from the results of one blood flow determination 
performed on one dog by Schilling,’ no detailed quantitative information in 
regard to hepatie blood flow, splanchnie oxygen consumption, eardiae output, 
or glucose production has been presented for animals with sustained increased 
hepatie blood flows. It is the purpose of this paper to present observations 
made in this laboratory upon eighty-five arterialized animals during the past 
two years. Included are six dogs with cirrhosis whose livers were arterialized. 


METHODS 


Total arterialization of livers of adult mongrel dogs of both sexes was accomplished, 
using the technique previously reported upon in detail. In brief, this consisted in end- 
to-side portacaval shunt and the interposition of an autogenous external jugular vein graft 


Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
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between the cut end of the proximal portal vein and the aorta just below the renal arteries. 
Determinations of estimated hepatic blood flow (EHBF) were performed in thirty-four 
animals at intervals of from three to 365 days. In many, more than one determination 
was made. All blood flows were determined under Nembutal anesthesia, using the Brom 
sulphalein (BSP) method as described by Bradley.12. Under fluoroscopy, radiopaque cath- 
eters were inserted simultaneously deep into a hepatic vein of the liver and into the 
right ventricle at the entrance of the pulmonary artery. The latter catheter was used for 
‘ardiae output determinations. A polyethylene cannula was placed in the femoral arter) 
for the withdrawal of arterial blood samples. BSP was injected at a constant rate of ap 
proximately 1 mg. per kilogram per minute into a superficial leg vein after the administra 
tion of a priming dose of BSP of 2 mg. per kilogram. Simultaneous peripheral arterial and 
hepatic venous samples were usually taken at thirty, forty, and fifty minutes. Effort was 
made to secure samples in all animals about two hours from the time of induction of anes 
thesia. At the conclusion of every blood flow the patency of the graft was proved by angi 
ography. To accomplish this, approximately 12 ¢.c. of Diodrast was injected through the 
femoral arterial cannula into the aorta, 

Cardiae output was obtained using the Fick method. Oxygen consumption was de 
termined by inserting an endotracheal tube with inflatable balloon attached to a Benedict 
Roth spirometer. Oxygen content of mixed venous (cardiac), arterial, and hepatic vein 
blood was determined by collecting blood samples in heparinized syringes containing 
mereury. These, stored in an ice-water bath as soon as taken, were all analyzed within 
several hours by the manometric method of Van Slyke.'5 Cardiac outputs and blood 
sugar, when done, were performed simultaneously with the determination of the EHBF. 
Hematocrits were obtained by centrifuging blood in Wintrobe tubes for twenty minutes at 
4,500 r.p.m. Blood sugars were determined by the method of Nelson.'4 

Oxygen consumption of liver in vitro was determined. Pieces of liver removed at 
operation were rapidly sliced and placed in Warburg vessels with Krebs-Ringer’s solution 
at 37.5° C. Duplicate determinations with and without glucose as a substrate were per 
formed. Results are expressed as the Qo, which represents the microliters of oxygen 
consumed per milligram of dried liver per four hours. 

Total cholesterol and cholesterol esters were determined by the Foldes and Wilson 
modification of the Schoenheimer-Sperry method.15 

Cirrhosis was created by the biweekly administration of carbon tetrachloride, 0.} 
ml. per kilogram, through a stomach tube. It has taken six to eight months in this 


laboratory for animals to develop marked cirrhosis. 
PRESENTATION OF DATA 

A group of twenty normal animals upon which simultaneous EHBF, splanchnie oxy 
gen consumption, hepatic glucose production, and cardiae outputs were done served as con 
trols. Determinations in the group were in every way similar to the arterialized animals, 
except that they were not operated on. Arterialized animals having these determinations 
(except glucose production) were divided into three groups, depending upon the length 
of time after operation that the observations were made. These three arbitrary divisions 
are for animals three to ten days, ten to thirty days, and over thirty days after arterializa- 
tion. For glucose, in addition to the normal control group, results are presented for three 
to thirty days and over thirty days postarterialization. All other observations are pre- 
sented for the arterialized group as a whole, with no attempt to subdivide them. 


Estimated Hepatic Blood Flow (Table 1).—In this laboratory the EHBF 
for 20 normal anesthetized dogs was 4947 ml. per kilogram per minute, !n 
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TABLE L. ESTIMATED Hepatic BLoop FLOW IN NORMAL AND ARTERIALIZED DOGS 
_ _— EHBF 
NO, WT, Pas Essp KHBF (ML./KG./ 
(%W) (ML/MIN, MIN, ) 
571 49 42 


+ 122 = ob £.3 














HEMATO- 

(KG, ) (MG. %) CRIT 

11.8 1.32 36 
+0.50 dl 


DOGS 





NORMAL 20 


1142 36 
= 3 
37 


+ 4 


Arterialized 
3-10 days 12 10.1 I 4 14 
+0.52 +6 + 183 
11-30 days 9 10.0 1.72 14 1126 
+1.00 +9 + 364 
10.3 1.88 27 589 5 35 
+0).82 +18 * Si} x= + 2 


Over 30 days i3 





Psrse = Plasma level of BSP. 


Eesep = Hepatic extraction of BSP. 


EHBF = Estimated hepatic blood flow. 
12 animals arterialized three to ten days, EHBF determinations showed a sub- 
stantial increase, with a mean of 113+26 ml. per kilogram per minute. <Ani- 
mals arterialized eleven to thirty days had an almost identical flow in nine 
instances—115+27 ml. per kilogram per minute. When flows were performed 
after thirty days, however, the results were similar to the normal. These 15 
animals were arterialized between thirty-three and 365 days, the average time 
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Fig. 1.—Examples of blood flows in prolonged arterialization. 

being 106 days. The mean blood flow for the group was 58+9 ml. per kilo- 
gram per minute. One animal in this group, No. 921, had a determination 
thirty-five days after arterialization which was still elevated, being 93 ml. 
per kilogram per minute. No other animal had a flow which was comparable 
to the shorter-term arterialized animals. This tendency for the blood flow to 
return to normal levels with progression of the time after arterialization may 
he conclusively demonstrated by results in 4 representative dogs as shown in 
ie. 1. It is to be noted that the hepatic extraction of BSP in the normal 
eroup was 36411 per cent. In arterialized animals, the more rapid the flows 
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the lower the extraction rate, but in the group over thirty days there is seen 
a reversion toward normal. Here the per cent extraction of BSP is 274135. 







More will be said about this. 

Numerous investigators have reported the EHBEF to be about 25 per cent 
of the eardiae output. In the normal animals of this study the percentage 
was 30+6 per cent (Table Il) when eardiae outputs were run simultaneously 
with liver blood flows. Following arterialization this was found to increase 
slightly to 3746 per cent in the three- to ten-day group and then revert to 
normal, so that after thirty days it was 25+4 per cent. 













RELATIONSHIP OF EHBF To CARDIAC OUTPUT AND SPLANCHNIC OXYGEN 
CONSUMPTION TO TOTAL OXYGEN CONSUMPTION 


TABLE IT, 
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NO. DOGS EHBF/C.O. (@% ) (%) 
Normal 20 30 36 
Arterialized +6 + i] 














3-10 days 6 37 24 
+ 6 = Ta 





11-30 days 6 32 40 
+ & + 9 
Over 30 days 11 25 25 
+ 4 + 71 













EHBF — Estimated hepatic blood flow. 







C.O. — Cardiac output. 
SpO:C — Splanchnic Oz consumption. 
Total OxC — Total O2 consumption. 











Cardiac Output (Table III).—By means of this operative technique an 
arteriovenous fistula is created. Although some damping effect is probably pro- 
duced by the interposed capillary bed of the liver, in view of the twofold in- 
erease in blood passing through this organ it was of interest to observe the 
effeets upon eardiae output. For the normal control group the cardiae index 
was 3.7+40.8. This is similar to the findings of others.‘® Cardiae index is the 
cardiae output per square meter surface of the animal and is felt to be a 
better expression of cardiac output, since the size of the animal is taken into 
consideration. Following arterialization, within three to ten days there is a 
35 per cent increase above normal in eardiae output, and in the eleven- to 
thirty-day group 64 per cent. The mean values for cardiac index of these 















TABLE III, Errect OF ARTERIALIZATION UPON CARDIAC OUTPUT 

































| NO. Po, Co, | Po,—Co, | oxYGEN CONSUMP, | CARDIAC | CARDIAC 
DOGS (VOL. %)|(VOL. %)|(voL. %)| (ML./KG./MIN, ) OUTPUT INDEX 
Normal 20 18.3 14.1 4.2 7.0 1,979 bs Ey | 
+2.6 +2.8 +0.3 £3.53 + 483 +0.8 
Arterialized 
3-10 days 6 15.2 12.4 3.0 7.8 2.934 5.0 
+2.0 +1.5 +0.9 +1.5 + 108 = 
11-30 days 6 14.6 12.0 2.6 9.3 2,830 6.1 
+2.6 $3.1 +0.6 +2.8 + 213 23.7 
Over 30 days 11 14.9 11.1 3.8 7.8 2,020 3.9 
+3.2 +2.9 $3.9 +1.5 + 182 +0.5 
Po, — Oz content of peripheral artery blood. 


Co, — O2 content of cardiac blood. 
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animals are 5.0+1.7 and 6.1+41.7. Just as the hepatie blood flow returns toward 
normal in long-term arterialization, so does the cardiae output. In animals 
arterialized over thirty days the cardiae index is 3.940.5. It is interesting to 
speculate why the cardiac output in the eleven- to thirty-day group is greater 
than in the three- to ten-day group in spite of no significant change in EHBF. 
In the former there is a greater oxygen consumption than in the latter. How- 
ever, one animal, No. 705, arterialized thirty days, had an oxygen consump- 
tion of 12.5 ml. per kilogram per minute, thus raising the mean of this group. 
In all animals arterialized from three to thirty days there was a decrease in 
the mixed venous (cardiac or Co,) peripheral arterial oxygen (Po,) difference, 
hut after thirty days this returned to normal. 


Splanchnic Oxygen Consumption and Hepatic Oxygen Utilization (Table 
IV ).—The splanchnic oxygen consumption, caleulated from the EHBF and the 
difference between the peripheral arterial (Po,) and hepatic vein oxygen (Ho,) 
content was 29.0+8.8 ml. per minute for the 20 normal animals. In arterialized 
animals, due to the fact that all splanchnic flow is deviated away from the liver, 
only hepatic oxygen consumption was measured. 


TABLE LV. EFFECT OF ARTERIALIZATION UPON SPLANCHNIC OXYGEN CONSUMPTION AND 
HEPATIC OXYGEN UTILIZATION 








| COEFFICIENT 

| O. UTILIZA- | SPLANCHNIC 
NO. TION BY O, CON- 
DOGS Po, | Ho, Po,—Ho, LIVER SUMPTION 


Normal 20 18.3 13.2 5.1 29 29.0 
Arterialized +2.6 +0.3 +1.2 +8 +8.8 
3-10 days 9 15.2 12.6 2.6 16 24.0 
+2.0 +1.7 +1.1 +8 +9.4 

11-30 days ° 7 14.6 12.5 2.1 15 24.5 
+2.6 +3.0 +1.1 +7 +14.5 

Over 30 days 1] 14.9 10.4 a) 31 22.4 
+3.2 +4.2 +2.0 +14 +11.9 








Po, — Oz content of peripheral artery blood. 
Ho,— O2 content of hepatic vein blood. 


It is of interest to find that although liver blood flow was markedly in- 
creased with arterialization, there was no inerease in hepatic oxygen con- 
sumption, the mean value being 24 ml. per minute for animals arterialized 
three to thirty days and 24.5 ml. per minute for the eleven- to thirty-day 
group. The determination of the coefficient of oxygen utilization by the liver 
substantiates these findings. This value, which represents the amount of 
oxygen removed by the liver per volume of blood, is decreased to almost 
one-half that of the normal at the same time that there is a twofold increase 
in blood flow. Thus, it is demonstrated by this group of observations that 
liver oxygen consumption is maintained at a normal level in spite of increas- 
ing the availability of oxygen to it. Need, rather than supply, determines 
the consumption. Apparently arterialization has in no way altered the meta- 
bolie aetivity of the liver cells so that more oxygen is utilized. This is further 
borne out by in vitro oxygen consumption studies of the liver. 
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As may be observed from Tables TIT and IV, in normal animals the Po.-Cy 
difference is less than that between the Po, and Ilo, In arterialization, with 
more than oxygenated blood going through the liver, the Po,-Co, and the P,,.- 
II, differences are such that the latter is the smaller. The per cent of total 
oxygen consumption utilized by the splanchnie bed is variable for all groups 
(Table Il). However, splanchnic O, consumption in the over-thirty-day ar- 
terialized group is 25+11 per cent of the total oxygen consumption. This is 69 
per cent of the value for the normal animals. Sinee liver blood flows are simi 
lar for the two groups, but oxygen consumption is only hepatic in the arterial- 
ized group, it is suggested that about three-fourths of the splanchnie oxygen 
consumption is by the liver. 

Hepatic Glucose Production (Table V).—Hepatie glucose production was 
estimated from the difference between the peripheral arterial and hepatic vein 
glucose concentrations and the total liver blood flow. In 20 normal dogs this 
was 43+22 me. per minute, and in animals arterialized up to thirty days 79+32 
mg. per minute. Animals arterialized over thirty days demonstrated a value 
less than the normal. It is emphasized that the range in all groups was great 
and, as is usual, within each individual animal, variation from sample to 
sample was extensive. Although there was a significantly greater glucose 
production in the short-term arterialized animals in comparison to the normal 
and long-term arterialized groups, the glucose tolerance curves and fasting 


blood sugar values were normal. 


TABLE V. EFFECT OF ARTERIALIZATION OF HEPATIC GLUCOSE PRODUCTION 








GLUCOSE MG., % 








HEPATIC- GLUCOSE 

HEPATIC PERIPHERAL PERIPHERAL MG, /MIN. 
Normal 90) 83 7 13 
+12 

Arterialized 

3-30 days 88 8] 7 79 
+32 
Over 30 days S4 78 4 30 
+14 





Cholesterol—To study further any metabolic alteration of liver, blood 
cholesterol was observed in 7 animals. Four of the 7 demonstrated some eleva- 
tion of the total cholesterol. The outstanding finding, however, was that in 
almost all instanees there was an increase in the esterified fraction with a 
decrease in free cholesterol. As with the other observations, however, as time 
of arterialization increased there was a return to normal blood levels. 














Sinee the “environment” of the liver, in 





In Vitro Oxygen Consumption. 
so far as amount of blood and character of it (oxygen content) were altered, 
it is desirous to know whether or not the metabolic activity of the liver cells 
was changed. To determine this, in vitro oxygen consumption of the liver 
slice was utilized as an index. The Qo, for 12 normal animals, serving as con- 
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trols, was 10.6+1.07. For 13 animals arterialized between 13 and 253 days, 
the Qo, was 11.2+1.34. Utilizing Fisher’s t, a t value of ‘0.387 and a p of 0.7 
were obtained, indicating a lack of significant difference between the groups. 

History of 85 Arterialized Dogs.—In the first ten days after arterialization 
there was a loss of approximately 8 per cent of the body weight. By thirty 
days this returned to the operative level, where it was maintained for several 
months. It then began to decline, so that most animals arterialized over 
eighty-six days exhibited about an 8 per cent loss in weight. No animal 
showed a gain in weight. These long-term surviving animals were healthy, 
playful, and ate a normal amount of food. 

The cause of death in 80 animals is presented in Table VI. (Five animals 
are still alive.) Some of these are worthy of comment. In 5 animals, in place 
of the autogenous vein graft, prostheses of nylon were used to bridge the 
gap between the proximal portal vein and aorta. All were unsuccessful, the 
animals dying in a few days with large hematomas and thromboses of all 
grafts. These findings confirm the opinion of others that, for small blood 
vessels at least, the use of synthetic materials is not desirable. 


TABLE VI. CAUSE OF DEATH IN 80 ARTERIALIZED DOGS 











Distemper 6 
Infection 3 
Post angiography 4 
Nylon prosthesis 5 
Cholecystitis and common duct obstruction 8 
Post liver biopsy 6 
Graft closed 11 
Hemorrhage (5, 8, 30 days, and 2 at 6 weeks) 5 
Sacrificed 6 
Operative (within 24 hours) 15 
Cirrhotie 6 
Undetermined (5, 6, 7, 11 days, and 6 weeks) 5 

Total 80 





Of this group, 8 animals, or 10 per eent, were found at autopsy to have 
acute cholecystitis. Common duets were considerably distended and eon- 
tained biliary ‘‘sludge.” Microscopie sections were similar to those seen in 
human beings with acute gall bladder disease. Ulceration and inflammation 
were prominent. This finding occurred weeks to months after arterialization. 
our of the 8 had been jaundiced before death. The exact mechanism of this 
more-than-chanece finding is unknown, but it is possible that there is some 
alteration in the composition of bile. Such a possibility is under further 
investigation. 

Five animals in good health died suddenly due to massive exsanguination 
when leakage occurred at the graft aortic anastomosis. 

The greatest mortality (15 dogs) was operative, that is, within the first 
twenty-four hours. As many of these operations were performed by surgical 
residents to whom the technique was relatively new, this mortality is not sur- 
prising. There were, however, a number where the cause of death was not 
apparent. Death in these animals might well have been due to acute heart 
failure as a result of the created arteriovenous fistula. 
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Six animals with advanced cirrhosis of the liver were arterialized. <A\l| 
had BSP retention of over 40 per cent in fifteen minutes before operation. 
The cirrhosis was of the nodular type. Three died within twenty-four hours 
of surgery; others survived eight days, six weeks, and three and one-half 


Fig. 2.—Angiogram of arterialized cirrhotic dog. 
months. The latter animal (three and one-half months’ survival) died follow- 
ing angiography that revealed a widely patent shunt. Little dye was ob- 
served actually to perfuse the smaller vasculature of the liver (Fig. 2). Mi- 
croscopie sections of liver before arterialization and after three and one-half 
months failed to show a difference (Fig. 3). 

There was no improvement in BSP clearance in the postoperative period, 
and the animal continued to lose weight in spite of the fact that he ate fairly 
well. At operation he weighed 13.7 kilograms, one month postoperative 11.1 
kilograms, and at death 10.8 kilograms. 


DISCUSSION 


The liver, grossly and microscopically, was essentially normal in long-term 
arterialized animals, revealing nothing to account for the readjustment of 
blood flow which took place in all animals studied. Vasculitis of the veins 
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and hypertrophy of the small portal venous radicles have not been a finding 
in this study. As time of arterialization was prolonged, two outstanding fea- 
tures, one or both of which occurred in practically all animals, may have 
accounted for the regulation of flow. As shown in Fig. 4, there was a nar- 
rowing of the elliptical graft-aortic anastomoses, so that it beeame a much 


3.—Biopsy showing cirrhosis. A, Before arterialization; B, three and one-half months 
after arterialization. 
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smaller rounded orifice. This opening was smoothly endothelized with no 
The second finding was thrombosis of the main portal 


thrombus present. 
The graft and the graft-portal anas- 


vein in the region of its bifurcation. 
tomoses were usually patent and, although somewhat thickened, were free of 
intimal damage and thrombosis. In some animals, organization and recanali- 
zation of the portal vein thrombus occurred. Damage to the vein by high 
pressure was most likely the initiating factor in clot formation. This is simi- 
lar to the ‘‘jet” lesions described in coarctation of the aorta due to blood 
turbulence. These findings resemble the thrombosis and recanalization of the 
portal vein that are frequently observed in cirrhosis with portal hyperten- 
In a report by Strickler’? of hepatic portal arteriovenous fistula in a 


c 


sion. 
patient, a prominent finding at autopsy was thrombosis of the portal vein. 
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Fig. 4.—Changes following long-term arterialization tending to reduce blood flow. 


Cohn and Herrod® have suggested that the liver cells are able to remove 
the additional oxygen brought to them by the arterial blood in the portal 
system. The quantitative determination of in vivo and in vitro oxygen con- 
sumption under the conditions described would not substantiate this. 

The limitations of the BSP method for determination of markedly in- 
creased blood flow became apparent in this study. As the flow increases, the 
extraction of BSP diminishes. This is in keeping with the findings of 
Bradley'® in his observations on transient augmentation of blood flow with 
A point is reached where extraction becomes so small that 





typhoid vaccine. 
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its determination is within the realm of technical error and blood flow cannot 
adequately be determined. Bradley suggested that this diminished extrac- 
tion of BSP is due to a specific interference with hepatocellular BSP pickup, 
probably independent of other activities of the liver. That this is so is ques- 
tionable, for as blood flow is increased, the coefficient of oxygen utilization 
decreases in a fashion similar to the extraction rate of BSP. This would sug- 
gest that the removal of these substances (O. and BSP) is dependent upon 
rate of flow and not specific interference with transfer. As to oxygen, total 
consumption is equal to normal in spite of the decreased coefficient of utiliza- 
tion. For BSP, although the extraction rate was diminished, peripheral 
levels remained constant during the time of blood flow determination. The 
‘ate of infusion of BSP was similar to that of normal animals. Therefore, it 
is highly suggestive that the actual amount of BSP removed by the arterial- 
ized liver is similar to that removed by the normal dog liver. In all blood 
flow determinations reported upon, the per cent extraction of BSP was over 
10 per cent when the peripheral level was over 1 mg. per cent and over 15 
per cent when this level was less than 1 mg. per cent. 

Jecause of the increased eardiae output and liver blood flow, using Evans 
blue dye, blood volumes were determined in 3 animals. In this laboratory 
normal dogs have shown a blood volume of 8 to 10 per cent of the body 
weight. In 3 animals arterialized twenty, twenty-eight, and forty days, the 
blood volumes were 20, 27, and 28 per cent of the body weight. Further 
studies are in progress to prove the validity of these results, although they 
are compatible with the other findings. 

To our knowledge these are the first experimental attempts to arterialize 
cirrhotic livers. Certainly the animals used were, by all human standards, 
poor operative risks, but it was felt imperative to utilize animals where im- 
provement would have, of necessity, been attributed to arterialization. That 
the one animal did not seem to benefit in three and one-half months is hardly 
conelusive proof of the ineffectiveness of this procedure, but in view of our 
knowledge of the changes of the vasculature of the liver in this disease, it is 
highly unlikely that further observations would be different. 


SUMMARY 


The short- and long-term effects of arterialization have been observed in 
animals arterialized from three to 365 days. Estimated hepatic blood flow, 
cardiae output, glucose production, in vivo and in vitro hepatie oxygen con- 
sumption, and cholesterol metabolism have been studied. Due to the gradual 
decrease in size of the opening of the shunt at its junction with the aorta, 
and beeause of thrombosis of the portal vein at its bifureation, prolonged 
continued inerease in blood flow was not observed. Results of arterialization 
of the cirrhotie dog liver, accomplished experimentally for the first time, are 


presented. 
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Dr. 
a problem which we are interested in and hoped might be more productive in terms of, 


very effectively at a lower tension, within the liver 
at low oxygen levels. So if it turns out, then, that the increase of oxygen will not be of 
any tremendous benefit, then the possible damaging effects of the arteriovenous fistula 
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DISCUSSION 


DR. JOHN A. SCHILLING (Randolph Field, Texas).—I would like to congratulate 
Fisher and his colleagues. This is really a tremendous amount of excellent work on 


shall we say, salvage of a good many patients with liver disease. There is just one 
comment that I wish to make about the matter of low oxygen saturation. This was a 
primary reason why we tried to arterialize the portal vein by reasoning similar to that 
of Dr. Fisher. But with the oxygen dissociation curve as it is, it does not make muelh 
difference whether the oxygen tension is high or low, because you will unload your oxygen 





an organ that is used to working 


may counterbalance any potential improvement. We did notice, in our animals that had 
been reported, that there was a tendency to develop an aneurysm at the site of the 
arteriovenous and that we did find fatty degeneration in their livers (of the small num 
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ber that we observed) at a late period. This made us wonder about the ultimate benefit 
of the procedure, and actually question it. The matter of Bromsulphalein extraction is 
quite fundamental in the use of the method for determining blood flow. 


DR. BERNARD FISHER (Closing).—I should like to thank Dr. Schilling for his 
comments. When we first started this study we were primarily interested in the physio- 
logic effects which would be found on increasing the blood supply to the liver. The use 
of this procedure in cirrhosis, our being surgeons, was an inevitable by-product of such a 
study. 
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INTRODUCTION 


HERE is experimental evidence to indicate that the destruction of homo- 

grafts is brought about by the development in the host of an acquired 
immunity to the foreign tissue.'* *"*** More recently it has been pointed out 
that the reaction between the host and the transplant closely resembles the 
tuberculin reaction and other skin hypersensitivity phenomena," * ** thus ex- 
plaining the failure of investigators to detect circulating antibodies even in an 
‘‘immune’’ animal. 

There is further evidence to suggest that lymph nodes may play an im- 
portant part in the development of antibodies in general!’ and antitransplant 
antibodies in particular. Following the peripheral injection of an antigen, the 
highest agglutinin titer is found in the local lymph nodes,'® and the antibody 
titer is always higher in the efferent lymph coming from the node than the 
afferent lymph draining into it.*** Direct contact between isolated homologous 
or heterologous cells in tissue culture does not lead to their destruction.'' The 
sera of mice immunized against homologous tumor tissue shows no cytotoxic 
effect, but such an effect can be demonstrated when the tumor ¢ells are ineubated 
with minced lymph nodes from immune mice.” ' Cytotoxic antibodies to 
homologous skin grafts in the lymphoid tissue of immunized rabbits could not 
be demonstrated, however.'” 

Homografts are said to be able to persist for long periods in areas devoid 
of lymphatie drainage. In these areas they can still be destroyed by the 
placing elsewhere of grafts having access to lymphatic drainage, or by the 
grafting of lymphatic tissue beside them.*” ** 7% °% * 

Intradermal, and thus intralymphatie, injection of foreign homologous 
leukocytes confers an immunity toward skin later grafted from the same donor. 
The immunizing effect of leukocytes injected intradermally is at least eighteen 
times as great as that obtained with intravenous injection, suggesting that the 
regional lymph nodes have had a role in the formation of the antibodies to the 
graft.’ 

Sensitivity to simple organic compounds can be transferred from one 
animal to another by the injection of living cells from the immune animal. 
Dead celis are ineffective. This is presumably a passive, and not active, 
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transfer, the sensitivity being produced by the activity of the surviving cells 
and not by antigens carried by them.'® The cutaneous hypersensitivity to 
tuberculin can also be transferred by cells from immune animals. Cells re- 
covered from peritoneal exudate, lymph nodes, or spleen are effective in this 


regard, while serum of the immune animal is not.* 

Recently it has been shown that heightened resistance to homologous 
tumor cells can be passively transferred from mice receiving the tumor trans- 
plant to other mice of the same strain receiving grafts of lymph nodes from the 
tumor-bearing animals. Furthermore, the power to transfer immunity is con- 
fined to the regional lymph nodes draining the site of tumor implantation. 
Distant lymph nodes, serum, peritoneal exudate, and lymphocyte suspensions 
from the immune animals did not transfer immunity.” 

In an article which has just appeared, it has been shown that immunity to 
homologous grafted skin can be passively transferred from the animal bearing 
the skin graft to another of the same strain. Normal mice which have been 
inoculated with certain tissues from mice of the same strain behave as though 
actively immunized themselves. The tissues which can transfer this homograft 
immunity are the regional lymph nodes, and to a lesser extent the spleen. The 
regional lymph nodes are therefore held to be the principal, but not the only, 
seat of the reaction against skin homografts.! 

It occurred to us, therefore, to investigate the fate of renal homotrans- 
plants when the transplant was isolated from direct contact with the regional 
lymphatic tissue. As a basis for comparison, we charted the natural course of 
renal homograft disintegration in the dog by studies of renal transplants at 
the time when function ceased, and by daily observations of the functional, 
anatomic, circulatory, and microscopic changes in a series of homografted 
kidneys. 

METHODS 

Mongrel male dogs were used for all experiments. They varied in weight from 10 to 26 
kilograms. A total of sixty-six renal homotransplants are reported here. Transplantation 
was carried out in only one animal of a pair, the donor in each case being saved for im- 
munologic studies, except when the vena cava and aorta segments were included with the 
donor kidney. The immunologic studies will be the subject of a separate report.é 

Dempster# has advocated the use of pure-bred greyhounds for renal homotransplantation 
experiments because the kidney of the mongrel dog is very often the site of infection and thus 
the histology of the transplant reaction is “complicated beyond interpretation.” We have not 
found this to be so in our experience. Mongrel dogs were used exclusively. Biopsies of the 
transplanted kidneys were taken in many instances at the time of transplantation, and in all 
instances sections were made of the remaining donor kidney when this animal was sacrificed at 
the completion of the immunologic studies a few days after the transplant ceased functioning. 
Only rarely was any abnormality encountered. 

Dempster also made a point of placing a small bulldog clamp across the bifureation of 
the renal artery to prevent any saline solution from entering the kidney when the portion of 
the vessel proximal to the clamp was washed out. He further stated that in spite of all pre- 
cautions there was a considerable incidence of anuria in his series, 5 per cent in autotrans- 
plants and 16 per cent in homotransplants. We never applied any clamps to the renal artery 





Fig. 1.—Daily inspections and biopsies of transplants were carried out with the aid 
of a zipper incorporated in the wound. A, The zipper closed. The ureter may be seen pro- 
jecting through the skin, with a catheter leading from it to the collecting bag. 

B, The zipper open, revealing the nylon cloth which is sewed to the peritoneum on one 
side, and which keeps the intestinal contents from adhering to the zipper. 

C, The nylon cloth has been laid back, revealing the abdominal contents. 
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of the excised transplant. The renal vessels were gently washed with saline solution during 
the performance of the anastomoses, if blood drained into the field. The kidney was never 
irrigated. The “anuric kidney”5 was not a major problem, occurring in only one of the 


sixty-six consecutive transplants reported here, 

A catheter of polyethylene tubing* was tied into the ureter, with the tip just proximal 
to the ureteropelvic junction. A skin ureterostomy was performed and the catheter was led 
to a modified plastic blood-collecting bagt which was held by safety pins to a canvas body 
jacket worn by the dog. All animals received daily injections of procaine penicillin 600,000 
units. 

The urine was collected from the plastic bags each morning. It was measured, the 
specific gravity was noted, and it was examined microscopically. An aliquot was withdrawn 
for urea nitrogen, protein, and creatinine determinations. 





Fig. 1C.—(For legend see opposite page.) 


Three sets of experiments were carried out. In the first of these, renal homotrans- 
plantation was performed in thirty-seven dogs, by the method described previously. The ani- 
mals were maintained until such time as the urinary excretion fell off to 50 ¢.c. in twenty- 
four hours, or below, or until the urine became grossly bloody, whichever occurred first. At 
this time the animal was reoperated on, and the blood flow through the kidney was roughly 
assessed by (1) cutting into the cortex, (2) compressing the vein and noting the distention 
of the proximal vein and kidney, and (3) cutting the vein while the arterial anastomosis was 
intact, so as to observe the blood flow directly. The kidney was then removed, the gross 
changes were noted, and portions of the kidney were saved for microscopic study. In a few 
eases the transplant was removed while it was still excreting a good volume of urine. 

In the second series, consisting of four dogs, the operative procedure was carried out 
exactly as in the first group, with the addition that a specially constructed zipper was incor- 


*Clay-Adams polyethylene tubing, P-E 190 or 200. 
{Fenwal plastic blood-storing bag. 
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porated in the operative wound (Fig. 1). By this means it was possible to carry out 


repeated observations and biopsies of the transplanted kidney, without anesthesia, during the 





entire course of its rejection by the host, 





In the third series, consisting of twenty-seven dogs, the kidney was placed in a poly 





ethylene envelope* at the time of transplantation. Several methods were used in an attempt to 





achieve a completely water-tight seal around the renal vessels (Fig. 2). The most satis 
factory method proved to be as follows: The donor kidney was removed with segments of thi 
vena cava and aorta 3 cm. above and below the origin of the renal vessels. The transplant was 
then placed in a plastic envelope and the vessels were drawn out through double T-shaped 


sleeves attached to the bottom of the envelope. The ends of the vessels were pulled throug! 








cuffed back, and tied on short polyethylene tubes.t The vessel-lined prostheses were then 
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Fig. 2—A, The method which was found to be most satisfactory for sealing the renal 
transplant within a plastic envelope at the time of transplantation. Segments of the donor's 
aorta and vena cava are removed with the kidney transplant. These vessels are then cuffed 
back over plastic prostheses and inserted into the aorta and vena cava of the host just below 
the left renal vessels. The right kidney is removed. Two T-shaped projections of the 
plastic envelope surround the vessels, and are tied securely to the plastic prosthesis, making 
a water-tight seal. A plastic catheter is inserted in the ureter, and brought out through a 
side arm of the envelope. A second tube inserted in the envelope is for the purpose of 
evacuating the air and testing the envelope. The top of the envelope is tied together. 
B, A cross-section detail of the method of sealing the bag around the vessels. C and D, Two 
other methods of sealing the envelope. These did not prove satisfactory. 
































inserted into the aorta and vena cava of the recipient below the left renal vessels and _ tied 
securely in place with No. 1 braided silk. The sleeves of the plastic envelope were tied to the 
plastic prosthesis. The polyethylene ureteral catheter was brought out through a side arm 
which was tied to it. The top opening of the bag was tied securely, and another poly- 
ethylene tube leading into the sac was brought out through a second side arm, This was used 
to evacuate air from the sac before closing, and to inject fluid to test for the completeness 
of the seal at the time of operation. In some instances, India ink was injected into the sae 


just before the animal was sacrificed, to be sure the sac had remained completely water-tight. 









*Polyethylene film 0.002 inch thick, heat-sealed to form an envelope. 
+Clay-Adams polyethylene tubing cut in 1.0 cm. lengths and flanged on both ends by 
heat. Size P-IX 410 was usually used for the aorta and P-Ii 430 for the vena cava. 
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The two plastic tubes were brought to the outside through stab wounds. The tube 
leading into the plastic envelope was sealed with a special stainless steel plug sutured to the 
skin, while the tube going to the ureter was connected to an external plastic collecting bag 


as with the other transplants. 
RESULTS 

The renal homotransplants which were allowed to pursue their normal course 
funetioned for periods of from two to ten days, with an average of 5.4 days. The 
functional period was taken to be the period during which the kidney excreted 
at least 50 ¢.c. of urine in twenty-four hours, and was deemed to end when the 
exeretion fell below this amount, or when the urine beeame grossly bloody. 
The cessation of urinary flow usually occurred very abruptly, in one twelve- 
hour period, as seen in Experiments 41 and 59, Table II. Less commonly, how- 
ever, there was a forty-eight-hour period of gradual decline preceding the cessa- 
tion of flow, as seen in Experiments 63, Table I], and 25, Table III. 

Of the thirty-seven transplants performed in this group, two were allowed 
to remain in place several days after urine flow ceased and these demonstrated 
venous thrombosis when they were removed. One kidney had an anomalous renal 
artery which supplied about one-half the kidney. This vessel was tied off at the 
time of transplantation and the transplant went on to infarction. One dog died 
of hemorrhage at the time of operation when a vessel clamp came off. One dog 
died during an intra-arterial injection of Urokon, which was being carried out 
to visualize the renal vessels. In one animal excessive trauma to the renal vein 
led to thrombosis in the immediate postoperative period. One animal apparently 
demonstrated what Dempster’ termed “Type I” anuria. This transplant never 
excreted any urine, although the vessels were widely patent when the kidney 
was examined three days after transplantation. Thirty cases pursued typical 
homograft courses. All the technical errors occurred in the early phases of our 
experience with canine renal homotransplantation. In the last twenty-five con- 
secutive transplants no complications were encountered. 


Group I. The Gross and Microscopic Appearance of the Transplants at 
the Time Urine Flow Ceased.—When the kidney homotransplant was examined 
on the day urine flow had ceased, several different patterns of gross change were 
seen. 

A dark hemorrhagic zone was sometimes noted between the medulla and 
cortex. In some eases this was very prominent (Fig. 3) and in others less 
pronounced, or absent. At other times the cortex was uniformly streaked with 
dark hemorrhagic bands, while the medulla showed only foeal areas of hemor- 
rhage, or no gross abnormality. In other transplants there were stippling and 
edema of the cortex and medulla, with foeal areas of hemorrhage extending from 
one zone into the next (Fig. 4). Occasionally, one area of the kidney appeared 
almost normal, while the surrounding kidney was heavily infiltrated with dark 
hemorrhagie bands (Fig. 5). Sometimes the medulla was more hemorrhagic 
than the cortex. At other times the kidney appeared somewhat enlarged, pale, 
and edematous, but without any dark zones or focal hemorrhages (Fig. 6). 





200 HUME AND EGDAHL Sunes: 

July, 195 
These variable anatomic findings occurred often in cases with very similar fune 
tional histories. A summary of gross and microscopic findings and function is 
given for illustrative cases in Table I. Despite the variations seen in these eases. 


gy cg 


Fig. 4. 
Fig. 3.—Gross appearance of homotransplanted kidney, showing dark band between cor- 
tex and medulla. This represents hemorrhage. 


Fig. 4.—Homotransplanted kidney. Edema and stippling of cortex 
focal hemorrhage extending into both zones. 


and medulla, with 


there are certain microscopic features which characterize the transplant reaction. 
These are (1) interstitial round-cell infiltration, (2) endothelial proliferation 
progressing to a cellular obstruction of the vessels of the cortex and degenerative 
and neerotie changes in the vessel walls, (3) interstitial edema and hemorrhage, 
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foeal or generalized, (4) glomerular ischemia and tubular necrosis. The ischemia 
is certainly intensified by the endothelial changes, because advanced tubular 
destruction and ischemia were almost never seen in the absence of advanced 
endothelial proliferation and plugging of cortical arteries. 


1337 


Fig. 6. 
" Fig. 5.—Large hemorrhagic bands involving both cortex and medulla. One area of the 
kidney (see arrow ) relatively uninvolved. 
Fig. 6.—Homotransplanted kidney. Tnlarged, pale, edematous. No areas of hemorrhage. 


There is a good deal of individual variation in the rapidity with which the 
homotransplanted kidney is destroyed. This may be related to genetic similari- 
hes or dissimilarities between different dogs. There is also some variation in 
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the degree to which each of the microscopic elements of the homotransplant 
reaction develops relative to the other. Finally, there is a variation in the 
stage of the progressive renal destruction at which urine formation ceases. 
These variables account for the diversity of the gross picture seen when 
homografts are examined at the time urine production stops. 


TABLE IIL 











EXPERI- DAY 24-HR. 
MENT DOG AFTER URINE ALBUMIN | CREATININE | UREA N | 
NUMBER NO. | EXPLANT| VOLUME s. G |(MG. %)| (MG./c.c.) |(Me. %)| R.B.C. 
~ 41 1308 N 150 1.023 — — — 
230 16017 — 2.0 781 
325 1.022 — 2.0 1014 
210 1.018 _ ao 729 
0 
1736 300 1.019 200 0.94 454 0 
250 1.020 175 1.54 590 Many 
190 1.016 200 1.50 Be Many 
180 1.021 150 1.96 645 Many 
180 1.023 125 2.07 631 6-8 
160 1.020 100 2.25 520 8-10 
180 1.022 150 2.37 609 8-10 
90 1.025 110 1.58 676 0-5 
80 1.020 75 1.38 683 0-2 
50 QNS 20 0.97 QNS 0-2 
320 1.010 100 0.47 228 20-40 

750 1.005 15 0.38 326 0 
600 1.006 20 0.51 30-40 
650 1.006 20 0.33 2 10-20 
450 1.003 50 0.38 2ae 8-10 
400 1.006 50 0.41 DTz 8-10 
400 1.007 10 0.63 ‘ Few 
Bag disconnected — — — 
9 250 1.012 400 0.67 Few 

10 0 a —- -- — 

Renal function in three homotransplants with contrasting courses. In Dog 1308 the course of the 
transplant was brief, and function ended suddenly, although there was still a good flow of blood through 
the kidney. In Dog 1694 the cessation of urine flow was likewise sudden, in contrast to Dog 1736, where 
the cessation of flow was gradual. Dog 1694 put out large volumes of urine of low specific gravity, 
while 1736 and 1308 put out smaller volumes with higher specific gravity. In most of the transplants 
there was a marked increase in urinary albumin just before the failure of the transplant, as in 1694. 
This was not always the case, however, as illustrated by 1736. 


MICROSCOPIC 
| W.B.C. 
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In Table II the renal function is shown for three transplants with con- 
trasting courses. In Dog 1308 the kidney suddenly stopped secreting after 
four days, although the function prior to this time was as good as that in the 
other two eases. Grossly and microscopically the kidney was the site of a 
typical homotransplant reaction. Dogs 1736 and 1694 demonstrated more pro- 
longed courses, but differed from each other in that cessation of urine flow in 
Dog 1694 was rapid, whereas the urine flow in Dog 1736 gradually decreased 
over three days, before it finally stopped altogether. Dog 1694 put out rela- 
tively large volumes of urine of low specific gravity, while 1736 excreted 
Smaller volumes of urine with a greater specific gravity. In most of the trans- 
plants there was a marked increase in urinary albumin just before the failure 
of the transplant, as in Dog 1694. This was not always the case, however, as 
illustrated by 1736. 
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: Fig. 7.—Dog 1120. Biopsies taken at representative periods throughout the course of 
rejection. Hematoxylin and eosin. 200; reduced 14. 
A, The first day: normal. 
B, The fourth day: early interstitial round-cell formation. Glomeruli and vessels nor- 


mal. 
C, The seventh day: increase in interstitial infiltration. Some glomeruli ischemic. Warly 
tubular degeneration. Very early endothelial change in some vessels. 

D, The tenth day: advanced infiltration and tubular destruction. Almost all 
show marked endothelial changes and thrombosis. 


vessels 








Volume 38 PROGRESSIVE DESTRUCTION OF RENAL HOMOGRAFTS 207 
Number 


Next, the aorta and vena cava of the host were divided below the left renal 


vessels in two eases, and the distal ends were tied off. The donor kidney was 


removed with segments of the aorta and vena cava, and was connected to the 


Fig. 7, C and D.—(For legend see opposite page.) 
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proximal aorta and vena cava of the host by a nonsuture anastomosis using a 
plastic prosthesis. This gave an excellent seal and a good blood flow, but the 
animals beeame paralyzed, and died within forty-eight hours. 

Group IT. Correlation Between Renal Function and Gross and Miscroscopic 
Appearance of the Transplant During the Course of Its Destruction—In four 
dogs a zipper was incorporated in the wound to facilitate inspection and biopsy 
of the renal transplant. No technical difficulty was encountered in this group. 
The funetional, anatomic, and microscopic progression noted in one of these 
cases, Dog 1120, is shown in Table II]. A summary of the findings in these 
animals follows: 

1. There is a marked individual difference in the rapidity with which micro- 
scopic changes oceur. 

2. Urine flow tends to persist longer in those animals which are slowest to 
show change. 

3. A transplant may cease to function when the microscopic changes seem 
less advanced than in another transplant which is still functioning. 

4. There is a fairly good correlation between the degree of interstitial 
cellular infiltration and that of endothelial change seen in the blood vessels of 
the cortex. 

5. Tubular damage seems to be related to ischemia, occurring as the cortical 
blood vessels become choked with cells and thrombosed. 

6. The kidney becomes large and swollen, and cortical vascularity is greatly 
reduced as the interstitial infiltration and vascular changes become more pro- 
nounced. Urine formation ceases as these changes become advanced. 

The microscopic findings in one ease are shown in Fig. 7. 

Group III, The Homotransplant Encased in a Plastic Envelope.—tIn 
twenty-five experiments the kidney was placed in a plastic envelope at the time 
of transplantation. By this means it was sought to isolate the transplant from 
the host except for vascular connections. Numerous techniques were tried, and 
numerous technical difficulties were encountered. 

At first the renal vessels of the transplant were cuffed back over poly- 
ethylene prostheses and inserted into the renal vessels of the host. Nipples con- 
structed on the bottom of the plastic bag were tied to the prostheses. This pro- 
duced a water-tight seal, but led to thrombosis, because the vessels being 
dealt with were so small. 

Next, a suture anastomosis was performed after a rather snugly fitting pros- 
thesis was slipped over the host’s renal artery and vein (Fig. 2, C). The 
plastic envelope was then tied to this prosthesis. This leaked, and also led to 
thrombosis of the vein when the edge of the prosthesis became angulated 
against this vessel. 

To improve the seal and keep the prosthesis from slipping, a vein gralt 
was taken from the host’s jugular vein and tied over the prosthesis, as shown 
in Fig. 2, D. The bottom edge of this was then sutured to the aorta or vena 


ae 
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eava, as the case might be. This provided a much better, but not always com- 
plete, seal, and thrombosis of the vein, or markedly decreased venous flow, still 


tended to oeeur. 

At last a satisfactory procedure was devised, as shown in Fig. 2, A. The 
continuity of the host aorta and vena cava was re-established through segments 
of the donor aorta and vena cava which ineluded the renal vessels of the donor. 
The seal was effected as shown in the cross-section detail in Fig. 2, B. By this 
technique completely water-tight connections were made around the vessels and 
the catheter going into the ureter. During the course of the several days in 
which the transplant functioned, 50 to 100 ¢.e. of fluid collected in the envelope. 
No contact existed between the donor’s tissues and those of the host except for 
the spot at the distal end of each prosthesis where the intima of the donor’s vessels 
touched that of the host. 

In the cases in which the seal had not been complete, typical transplant re- 
actions occurred. In six cases the envelope was proved to have remained com- 
pletely water-tight, and the vessels were widely patent, with an excellent blood 
flow. In all these eases, likewise, the grafted kidney demonstrated a typical 
transplant reaction. A photomicrograph of one of these cases is shown in 
Fig. 9. 

DISCUSSION 


A. Renal Homograft Destruction—Other workers have described the course of renal 
homotransplant destruction in the dog. Williamson3° described the histologic picture follow- 
ing homotransplantation in the dog as that of acute atypical glomerulonephritis with lympho- 
cytie infiltration, followed by general acute nephritis and ascending infection. He concluded 
that the factor causing biologic incompatibility was blood-borne, attacking first the glomeruli 
and then the tubules, 

Ibuka13 studied eight functioning homotransplants, which secreted urine for from one 
to five days, averaging three days. They stopped secreting before they became infected, and 
in spite of having an adequate blood flow. Microscopically they showed an acute nephritis with 
lymphocytic and plasma-cell infiltration and tubular destruction. The glomeruli appeared 
fairly normal. 

Wu and Mann32 made a microscopic study of the day-to-day progress of auto- and 
homotransplants in the dog. The homotransplants functioned alike until (1) they were re- 
moved, (2) the animal died, (3) thrombosis of one or both vessels occurred, or (4) pyelo- 
nephritis supervened. Microscopically, monocytic interstitial infiltration and tubular necrosis 
were seen. The glomeruli still looked quite normal. It was felt that ascending pyelonephritis 
was the probable cause of the pathologic picture which was seen. 

Dempster5 sometimes performed biopsies at varying intervals after operation but usually 
avoided this for fear of infecting the kidneys. He removed the kidneys when they were 
deemed to be in the process of disintegration. He concluded that cellular infiltration ‘starts 
in the cortex, usually between the second and third posttransplant days, as an immature 
plasma-cell reaction. Initially the reaction is around small blood vessels, but later the cells 
are found everywhere, and are then mainly mature plasma cells. The glomeruli are relatively 
bloodless, but there are no cellular changes in either the endothelium or the epithelium of the 
tufts. The tubules show droplet degeneration and casts, and the distal tubules are usually 
dilated. No mention is made of interstitial edema or hemorrhage. The vascular endothelium 
of the intrarenal arteries is swollen and pyronin-positive. 

He feels that the mechanism of renal homograft destruction is linked to vascular spasm 
of the tuft capillaries which, in turn, is a manifestation of the antigen-antibody reaction. As 
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the blood flow decreases, filtration falls off, causing an arrest of urine formation, The swell 


ing of the endothelial cells further impedes blood flow, the ischemia leading to tubular damage. 


The plasma-eell infiltration is thought to originate from cells of the transplant itself. 





Fig. §8.—Animal 1337. Sections taken on the day urine flow ceased. Hematoxylin and 
eosin. 200; reduced!,. 

A, One area showing some tubular dilatation, but very little round-cell infiltration 0! 
edema. 

B, Another area of the same slide showing marked edema and tubular degeneration. 
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Fig. 9.—Dog 1582. Very marked transplant reaction, with round-cell infiltration, tubular 
degeneration, and vascular changes. This transplant was in a plastic envelope which was 
completely water-tight. This section was taken on the day after urine flow ceased, at which 
time blood flow from the renal vein was still excellent. Hematoxylin and eosin K200; reduced 


Fig. 10.—Dog 1178. A small artery in the cortex, A severe homotransplant reaction is 
evident. The endothelium has proliferated and separated from the wall of the vessel, form- 
ing a cellular plug. The entire wall of the vessel is involved in a necrotizing process. Hema- 
toxylin and eosin 380; reduced 14. 
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Simonsen and associates27 described the microscopic changes in the homograft kidney in 
much the same way as Dempster. They stated, however, that in the terminal stages of homo 
graft destruction marked interstitial edema and hemorrhage usually occur. There seems to 
be an antagonism between the development of edema and the presence of pyroninophilic-cel! 
infiltration. One of the factors which may have contributed to the edema in the experiment 
reported by Simonsen and co-workers was the use of Blakemore-Lord tubes in the anastomose 
between the renal vessels of the host and those of the kidney transplant. This tends, as thi 
authors pointed out, to produce thickening around the blood vessels. In our experience this 
often leads to marked narrowing of the venous channel, which may contribute to the forma 
tion of edema. In some of our cases, however, focal edema did occur, as shown in Fig. 8. 
Focal hemorrhage is quite common in the terminal stages. 

Simonsen and associates stated that the vascular changes involve the endothelium of all 
sized vessels from capillaries to large arteries. A perivascular infiltration involves the 
adventitia. In small arteries, fibrinoid necrosis may involve the entire vessel wall. These 
changes are considered to be experimental polyarteritis nodosa. 

In the studies reported here, swelling and differentiation of the endothelial cells occur 
in vessels of the cortex, eventually involving all the intrarenal arterial tree. The endothelial 
cells separate from the wall of the vessel, differentiate into plasma cells and monocytes, and 
congregate in the lumen, where they ultimately occlude the vessel with cellular clots 
(Fig. 10). The entire wall of the vessel becomes involved in a necrotizing process. It is 
unlikely that this process is periarteritis nodosa, however, because in a human renal homo 
transplant performed in a patient with periarteritis nodosa, severe glomerular changes 
occurred.12 No glomerular changes occurred in other renal homotransplants in the human 
being, however, nor do they appear in the dog. 

Decreased cortical blood flow appears to lead to ischemic tubular degeneration and necro- 
sis, and to the cessation of urine flow. Since blood vessel changes similar to those seen in the 
dog do not occur in human renal homotransplants,12 spasm, as suggested by Dempster, may 
be the principal cause of the ischemic changes. 

B. The Role of the Regional Lymph Nodes in Homograft Rejection.—The lymphatics of 
the kidney form a rich capillary plexus in the cortex, but the glomeruli and the medulla con- 
tain none. The lymphatic vessels leave the kidney via the renal stalk, and drain to the para- 
aortic lymph nodes.24 Simonsen28 pointed out that there is a striking correlation between 
the distribution of the lymph capillaries in the kidney and the sites of predilection of the 
mononuclear proliferation, suggesting a causal relationship between the two. 

Billingham and co-workers,1 while stating that regional lymph nodes are the principal 
seat of the reaction against homografts, found that extirpation of the regional lymph nodes 
prior to skin grafting did not prevent the host from destroying the graft. Two reasons for 
this were given: (1) other areas, notably the spleen, are also involved in the production of 
antibodies against the homograft. (2) New lymphatics develop, leading to other groups of 
lymph nodes which would not ordinarily have taken part in the reaction. 

The failure of the plastic envelope to prevent destruction of the renal homografts does 
not mean that the regional lymphatics are unimportant in the production of antibodies 
against the transplant. It does suggest that they are not essential for this production. It 
is possible that lymphatic connections could have developed across the zones of contact be- 
tween the endothelium of the transplant vessels and those of the host. Experiments are under 
way to check this point. 

If regional nodes are the principal site of antibody production, it is possible that under 
circumstances in which the incompatibility between the transplant and host is less marked 
than in the dog, the removal of the regional node contribution might allow the transplant to 
survive. Renal homograft rejection in the human being is much milder than in the dog. An 
attempt was made, in one case, to perform a renal homotransplant in the human being with 
the kidney encased in a plastic envelope.12 The envelope became torn, however, so that no 
conclusions were possible. Further studies of the contributions of other tissues to the pro- 
duction of antibodies against homografts would seem to be an important step. 
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SUMMARY AND CONCLUSIONS 


1. The course of renal homograft rejection was studied in thirty-seven dogs. 
This was supplemented by daily observations of the functional, circulatory, 
anatomic, and microscopic changes in four other dogs. 

2. Renal homografts were placed in plastic envelopes at the time of trans- 
plantation in twenty-five dogs. This was done to isolate the transplant from con- 
tact with the regional lymphatics. A complete water-tight seal without complica- 
tions was achieved in six cases. All of these showed typical patterns of homo- 


graft rejection. 
3. The regional lymphatics are not essential for renal homotransplant re- 


jection in the dog. 


REFERENCES 


. Billingham, R. E., Brent, L., and Medawar, P. B.: Quantitative Studies on Tissue Trans- 
plantation Immunity. II. The Origin, Strength and Duration of Actively and 
Adoptively Acquired Immunity, Proc. Roy. Soc. Series B 143: 58, 1954. 

. Burnet, F. M., and Tenner, F.: The Production of Antibodies, London, 1949, Mac- 
Millan & Co., Ltd. 

. Chase, M. W.: ‘The Cellular Transfer of Cutaneous Hypersensitivity to Tuberculin, 
Proc, Soc. Exper. Biol. & Med. 59: 134, 1945. 

. Dempster, W. J.: Kidney Homotransplantation, Brit. J. Surg. 40: 447, 1953. 

. Dempster, W. J.: The Anurias Following Transplantation of Kidneys, Acta med. 
seandinav, 148: 91, 1954. 

. Egdahl, R. H., and Hume, D. M.: Studies in progress. 

. Ehrich, W. E., and Harris, T. N.: The Formation of Antibodies in the Popliteal Lymph 
Node in Rabbits, J. Exper. Med. 76: 335, 1942. 

. Ehrich, W. E., and Harris, T. N.: The Site of Antibody Formation, Science 101: 28, 
1945. 

. Ellis, J. T., and Kidd, J. G.: Inhibition of Brown-Pearce Carcinoma Cells by Suspen- 
sions of Lymph Nodes and Spleen From Immune Hosts, Cancer Research 12: 259, 
1952. 

. Fagraeus, A.: The Plasma Cellular Reaction and Its Relation to the Formation of 
Antibodies In Vitro, J. Immunol. 58: 1, 1948. 

. Harris, M.: The Compatibility of Rat and Mouse Cells in Mixed Tissue Cultures, 
Anat. Ree, 87: 107, 1943. 

. Hume, D. M., Merrill, J. P., Miller, B. F., and Thorn, G. W.: Experiences With Renal 
Homotransplantation in the Human: Report of Nine Cases, J. Clin. Invest. 34: 
327, 1955. 

. Ibuka, K.: Function of the Homogenous Kidney Transplant, Am. J. M. Se, 171: 420, 
1926. 

. Kidd, J. G., and Toolan, H. W.: The Association of Lymphocytes With Cancer Cells 
Undergoing Distinctive Necrobiosis in Resistant and Immune Hosts, Am. J. Path. 
26: 672, 1950 (abst.). 

. Landsteiner, K., and Chase, M. W.: Experiments on Transfer of Cutaneous Sensitivity 
to Simple Compounds, Proce. Soc. Exper. Biol. & Med. 49: 688, 1942. 

3. MeMaster, P. D., and Hudack, 8S. S.: The Formation of Agglutinins Within Lymph 
Nodes, J. Exper. Med. 61: 783, 1935. 

. Medawar, P. B.: The Behaviour and Fate of Skin Autografts and Skin Homografts 
in Rabbits, J. Anat. 78: 176, 1944. 

. Medawar, P. B.: Immunity to Homologous Grafted Skin. II. The Relationship Be- 
tween the Antigens of Blood and Skin, Brit. J. Exper. Path. 27: 15, 1946. 

. Medawar, P. B.: Tests by Tissue Culture Methods on the Nature of Immunity to 
Transplanted Skin, Quart. J. Mier. Se. 89: 239, 1948. 

. Medawar, P. B.: Immunity to Homologous Grafted Skin. III. The Fate of Skin 
Homografts Grafted to the Brain, to Subcutaneous Tissue, and to the Anterior 
Chamber of the Eye, Brit. J. Exper. Path. 29: 58, 1948. 

. Medawar, P. B.: General Problems of Immunity, in Ciba Foundation Symposium on 
Preservation and Transplantation of Normal Tissues, London, 1954, J. & A. 
Churchill, Ltd., pp. 1-22. 

. Mitchison, N. A.: Passive Transfer of Transplantation Immunity, Proc. Roy. Soc. 
Series B 142: 72, 1954. 








214 























26. 


98 


29 


30. 


HUME AND EGDAHL reer 


Murphy, J. B.: The Lymphocyte in Resistance to Tissue Grafting, Malignant Disease, 
and Tubereulous Infection, Monographs Rockefeller Inst. Med. Res., No, 21, 1926. 


. Pierce, E. C.: Renal Lymphaties, Anat. Ree. 90: 315, 1944. 
. Schoene, G.: Ueber Transplantationsimmunitat, Miinchen med. Wehnschr, 59: 457, 


1912. 
Shirai, Y.: On the Transplantation of the Rat Sarcoma in Adult Heterologous Ani- 
mals, Japan M. World 1: 14, 1921. 


b 


. Simonsen, M., Buemann, J., Gammeltoft, A., Jensen, F., and Jorgensen, K.: Bio- 


logical Incompatibility in Kidney Transplantation in Dogs, I. Experimental and 
Morphological Investigations, Acta path. et microbiol. scandinav. 32: 1, 1953. 
Simonsen, M.: Biological Incompatibility in Kidney Transplantation in Dogs. 
II. Serological Investigations, Acta path. et microbiol. scandinav. 32: 1, 1953. 
Tansley, K.: The Development of the Rat Eye in Graft, J. Exper. Biol, 22: 221, 1946. 
Williamson, C. S.: Further Studies on the Transplantation of the Kidney, J. Urol. 16: 
231, 1926. 
Woodruff, M. F. A.: The Transplantation of Homologous Tissue and Its Surgical 
Applieations, Ann. Roy. Coll. Surgeons 11: 178, 1952. 
Wu, P. P. T., and Mann, F. (.: Histologic Studies of Autogenous and Homogenous 
Transplants of the Kidney, Arch, Surg. 28: S889, 1954. 























ETIOLOGICAL FACTORS AFFECTING PULMONARY ARTERY FLOW 
WITH CONTROLLED RESPIRATION* 


Cuar_es A, Husay, M.D., Geruarp A. BRECHER, M.D., PH.D., AND FREDERICK 
L. CLEMENT, M.D., CLEVELAND, OHIO 


(From the Departments of Surgery and Physiology, Western Reserve University School of 
Medicine, and University Hospitals of Cleveland) 


_— has recently been focused on the detrimental effect of positive 
pressure lung inflation upon the cireulation in patients with a thora- 
cotomy by Ankeney and associates! and Hubay and co-workers.?, Two views 
have been advanced to explain the reduction of pulmonary blood flow during 
positive pressure lung inflation in the open chest. Ankeney' and Edwards’ at- 
tribute the diminished flow to an increased resistance of the pulmonary bed, 
while Humphreys and associates* ° believe that it is primarily due to a reduc- 
tion of venous inflow and of right heart filling and that an inerease in pul- 
monary bed resistance plays only a minor role. The solution of this problem 
is complicated by the fact that increased pulmonary resistance and reduction 
of venous inflow both result in a decrease in right heart output. The two 
conflicting views are based on indireet evidence from pressure measure- 
ments*:*° or on flow studies which do not permit separation of the two fac- 
tors.’ * 

It is the purpose of this study to determine how much of the flow redue- 
tion with positive pressure lung inflation in the open chest is actually due to 
an inerease in pulmonary vascular resistance and how much to an impairment 
of eardiae filling. 

METHOD 


In order to separate pulmonary bed resistance from other factors which reduce right 
heart output, animal experiments were designed so that changes in pulmonary bed resist- 
ance could be eliminated. This was accomplished by temporarily shunting the blood from 
a main branch of the pulmonary artery directly into the left atrium through tubing of con- 
stant resistance. Pulmonary artery flow was measured directly with phasically recording 
5734 vacuum tube bristle flowmeters?; 6-8 in conjunction with intra- and extracardiac pres- 
sure changes. 

Acute open-chest experiments were undertaken on six dogs, weighing from 18 to 24 
kilograms. The animals were anesthetized with 1.5 mg. per kilogram morphine sulfate 
subeutaneously and 15 mg. per kilogram sodium pentobarbital intravenously and were 
fixed in supine position. The experimental arrangement is shown in Fig. 1. A No. 30 


McGill endotracheal catheter was introduced and the balloon inflated. The endotracheal 


‘ane Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
JOO, 

*Supported in part by the Life Insurance Medical Research Fund and the Cleveland Area 
Heart Society. 
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tube was connected to a CO,-absorbing cannister, which was in turn attached to a mechani- 
cal respirator.* With this apparatus electronically controlled, respiratory cycles of equal 
length and amplitude could be obtained. 

The chest was entered between the fifth and sixth ribs on both sides, and the right 
and left pulmonary arteries were exposed outside the pericardium. One bristle flowmeter 
was inserted into the left main pulmonary artery. The right main pulmonary artery was 
‘cannulated both proximally and distally and the cannulas connected with Tygon tubing 
of 12 mm. internal diameter. A side arm connection of similar tubing (shunt) led to an- 
other cannula, which was inserted into the left atrium via a branch of a pulmonary vein. 
By this arrangement blood could be directed to flow either through the right lung or, 
through a shunt, directly to the left atrium. This by-passing of the lung was accomplished 
by opening the shunt and clamping the tubing at A (Fig. 1). 
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Fig. 1—Diagram of experimental arrangement for shunting pulmonary blood flow and 
measurement of blood flow and pressures. Point A, location at which tubing leading to the 
distal portion ef the right pulmonary artery is occluded to shunt blood from the proximal 
portion of the right pulmonary artery to the left atrium. (Description in text.) 


Incorporated in the tubing was a second bristle flowmeter allowing direct measure- 
ment of blood flow in the right main pulmonary artery through either the lung or the 
shunt. Simultaneous measurement of volume flow with both flowmeters permitted the 
determination of total right heart output without interfering with normal lung inflation 
even when the blood passed through the shunt. The choice of wide tubing and the low- 
resistance bristle flowmeter was made in order to minimize resistance to blood flow. 


*Supplied by the Ohio Chemical and Surgical Equipment Co., Madison, Wisconsin. 





















Vichome s FACTORS AFFECTING PULMONARY ART#RY FLOW 217 
iNumber 


Modified Gregg manometers of adequate sensitivity and frequency responses were 
used to record central aortic and right atrial pressures through metal cannulas passed into 
these chambers via the left carotid and right external jugular vein, respectively. Simi- 
larly, left atrial pressure was recorded through polyethylene tubing of 2 mm., lumen in- 
troduced via a branch of a right pulmonary vein. Right intraventricular pressure was 
recorded through a 15 gauge needle, passed through the right ventricular wall. A side- 
arm T-tube adaptor from a Frank segment capsule was used to record endotracheal pres- 


sure variation by air transmission. 

Pressures and flows were optically recorded. The manometers were calibrated at the 
end of each record at zero pressure set at the level of the right atrium. Zero flow was 
established at the beginning and end of each record by clamping the tubing leading to 
the bristle flowmeter on the right and by an occlusive ligature around the left main pul- 
monary artery, respectively. At the end of each experiment, the manometers were cali- 
brated over a wide range of pressures and the flowmeters were calibrated at different 
rates of steady flow with the animal’s own blood. 
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Fig. 2.—Effect of positive pressure lung inflation on right and left pulmonary artery 
flow ia the open chest, Segment A. Flow and pressure tracings during atmospheric airway 
pressure, marked as endotracheal O. Segment B, The same tracings during lung inflation 
with an endotracheal pressure of 210 mm. H20. Sequence of tracings from top to bottom: 
time; aortic pressure in mm. Hg; right intraventricular pressure in mm. H2O; left pulmonary 
artery flow in cubic centimeters per minute; endotracheal pressure in mm. H2O (thick hori- 
zontal line) ; right pulmonary artery flow in cubic centimeters per minute; left and right 
atrial pressures in mm. H20; AS = atrial systole. Time interval between end of Segment A 
and beginning of Segment B is 2.3 seconds. 


RESULTS 
Effect of Positive Pressure Lung Inflation on Right and Left Pulmonary 
Artery Blood Flow.—Fig. 2 depicts two segments of an original record from a 
representative experiment illustrating the effect of positive pressure lung in- 


flation on phasic blood flow in the right and left pulmonary arteries in the 
open chest. Segment A is a control record taken with atmospherie¢ pressure in 
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the airway. It is noted that there were marked variations of flow with each 
cardiac eyele. The ealeulated mean flow through the left pulmonary artery 
(area under the flow curve) was 525 ¢.c. per minute. The mean flow through 
the right pulmonary artery was 638 ¢.c. per minute. Total right heart output 
was 1,163 ¢.e. per minute.* 

The record shown in Segment B of Fig. 2 was taken at the end of positive 
pressure lung inflation which lasted three seconds, during which time the air- 
way pressure rose from atmospheric to 210 mm. of H.O. During this period 
of lung inflation the following changes were observed: (1) Mean left pul- 
monary artery flow decreased from 525 ¢.c. per minute to 437 ¢.c. per minute, 
or 16.7 per cent. (2) Correspondingly, mean right pulmonary artery flow 
decreased from 638 ¢.c. per minute to 444 ¢.¢. per minute, or 30.3 per cent. 
(3) Total right heart output was reduced by 24.2 per cent. (4) Aortic pressure 
rose from 144/123 mm. Hg in Segment A to 150/125 mm. Hg in Segment B. 
(5) Right intraventricular pressure increased from 415/35 mm. H.O to 425/75 
mm. H,O. (6) Left atrial pressure, measured at the ‘‘V point’’ (just prior to 
opening of the tricuspid valve), rose from 51 mm. H,O in Segment A to 77 mm. 
H,O in Segment B. (7) Right atrial pressure increased from 38 mm. H.O in 
Segment A to 73 mm. H.O during lung inflation (Segment B). 

Krom these changes, the following conclusions may be reached: (A) 
Positive pressure lung inflation reduces total pulmonary artery flow signifi- 
cantly. (B) The rise in aortic pressure cannot be caused by changes in right 
cardiae output since this pressure increased in spite of pulmonary artery flow 
reduction. The aortic pressure rise may be accounted for (1) by the squeez- 
ing of blood out of the pulmonary veins toward the left atrium leading to a 
temporary increase of left ventricular stroke volume, and/or (2) possibly 
also by the mechanical pressure of the expanding lungs upon the aorta itself. 
Reflex mechanisms apparently do not come into play since the changes occur 
within fractions of a second. (C) the rise in right intraventricular systolic 
pressure in the face of declining pulmonary flow with lung inflation is ap- 
parently due to either increased pulmonary vascular resistance, rise of left 
atrial pressure, or external pressure on the pulmonary artery trunk. 

Fig. 3 depicts two segments of the same record as shown in Fig. 2, taken 
twenty seconds later. It illustrates the effect of positive pressure lung inflation 
when the right pulmonary artery blood was shunted to the left atrium without 
passing through the right lung. In comparing these records with those of 
Fig. 2, it should be emphasized that no manipulations were done other than 
removing a clamp from the shunt and applying it to the tubing marked A in 
Mig. 1, thereby occluding flow through the right lung. The record shown in 
Segment A (Fig. 3) was taken as a control with atmospheric pressure in the 



























*The flow tracings of the right and left pulmonary artery flows are not identical in 
shape: this is due to the difference in sensitivity of the two flowmeters. The left pulmonary 
artery flow tracing begins its upstroke 30 milliseconds prior to that of the right. This is 
probably due to the fact that the left bristle flowmeter was inserted directly into the left pul- 
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monary artery, whereas the right pulmonary artery flowmeter was placed into the tubing 
ecm. distal to the bifurcation. 
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airway. Mean flow through the left pulmonary artery was 534 ¢.c. per minute, 
and the mean flow through the shunt (right pulmonary artery flow) was 543 
¢.c. per minute, totaling 1,077 ¢.c. per minute. The record shown in Segment 
B (Fig. 3) was taken at the end of positive pressure lung inflation. During the 
last three cardiae cycles of the lung inflation, mean flow through the left pul- 
monary artery was reduced from 534 ¢.e. to 442 ¢.c. per minute, or 17.3 per cent. 
Shunt flow was reduced from 543 ¢.¢. to 520 ¢.c. per minute, or 4.2 per cent. 
The total flow reduction amounted to 10.7 per cent. 

Aortic, right ventricular, and both atrial pressures show essentially the 
same changes as those shown in Fig, 2. 

‘rom these findings the following must be concluded: Since there is no 
pulmonary vascular bed present on the right or shunted side, the flow reduc- 
tion of 4.2 per cent with positive lung inflation cannot be due to an inerease in 
pulmonary artery resistance, but must be caused by other factors residing 


outside the pulmonary circulation. 
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Fig. 3.—lffect of positive pressure lung inflation on pulmonary artery flow in the open 
chest when blood flow through the right pulmonary artery by-passed the lung. 

Segment A, Flow and pressure tracings during atmospheric airway pressure, marked 
as endotracheal O. 

Segment B, The same tracings during lung inflation with an endotracheal pressure of 
200 mm. H2O. Sequence of tracings from top to bottom as in Fig. 2. AS = atrial systole. 


Time interval between end of Segment A and beginning of Segment B is 2.6 seconds. 


The Effect of By-passing Total Right Heart Output From the Pulmonary 
Capillary Bed—In the experiments shown in Figs. 2 and 3 the possibility 
of a shift of the amount of blood from the higher resistant left side to the 
lower resistant shunt side on the right could not be avoided when the lungs 
were inflated. Therefore, other experiments were undertaken in which total 
right ventricular output was completely diverted through one pulmonary 
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branch. This was accomplished by temporary occlusion of one main branch 
of the pulmonary artery, for example, the left in the diagram in Fig. 1. The 
blood could then pass either through the pulmonary vascular bed or through 
a shunt directly into the left atrium as in the previous experiment. This al- 
lowed us to measure total right heart output, either with or without the inter- 
position of the pulmonary vascular bed. The animals were well oxygenated 
before the brief shunting periods and showed no effects of anoxia during the 
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Fig. 4.—Effect of positive pressure lung inflation on total pulmonary blood flow through 





the right lung, when the left pulmonary artery is occluded (open chest). 

Segment A, Flow and pressure tracings during atmospheric airway pressure (endo- 
tracheal O), 

Segment B, Same tracings during lung inflation with endotracheal pressure of 245 mm. 


H:O. Sequence of tracings, top to bottom: time; right intraventricular pressure in mm. 
H-O; mean total pulmonary blood flow in cubic centimeters per minute; left and right atrial 
pressures in mm. H:20; endotracheal pressure in mm. H:O. AS = atrial systole. 

Time interval between end of Segment A and beginning of Segment B is 0.9 second. 


The record shown in Fig. 4 illustrates the effect of positive pressure lung 
inflation when the total pulmonary blood flow passed through the right lung. 
This record was taken from an experiment on another animal. The flow trac- 
ing appears as a heavy black undulating line since it has been converted from 
phasic flow to mean flow by electrical integration in the amplifier of the bristle 
flowmeter. Segment A of the record is the control flow with atmospheric 
pressure in the airway. Blood flow was 1,403 ¢.c. per minute. With positive 
pressure lung inflation, flow was reduced to 1,237 ¢.c. per minute as shown in 
Segment B, a flow reduction of 11.9 per cent. Fig. 5 shows two segments of 
the same record as Fig. 4, taken ten seconds later after flow was diverted merely 








Yelune ” FACTORS AFFECTING PULMONARY ARTERY FLOW 991 
umber 


by opening the shunt to the left atrium and clamping the tubing leading to the 
pulmonary vascular bed. Section A is again a control flow measurement during 
atmospheric pressure in the airway. Flow amounted to 1,652 ¢.e. per minute; 
it was reduced with positive pressure lung inflation in Segment B to 1,610 c.c. 
per minute, or a 2.7 per cent reduction. Similar reductions in flow were con- 
sistently recorded during each lung inflation. 

Two deductions may be made from these flow measurements. The first 
concerns the demonstration that the pulmonary vascular bed actually offers a 
resistance to flow. This is borne out by the fact that flow increased substantially 
when the pulmonary bed is by-passed via a low resistance shunt. (Compare 
flows in Fig. 4, A with those in 5, A.) This is the case when the lungs are not 
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Fig. 5.—Effect of positive pressure lung inflation on total pulmonary artery flow which 
by-passes the lungs (open chest). The left pulmonary artery is occluded and the total blood 
is shunted through a tube from the right pulmonary artery to the left atrium. 

Segment A, Flow and pressure tracings with atmospheric pressure in airway (endo- 


tracheal O). 
Segment B, Same tracings with endotracheal pressure of 250 mm. H20. Sequence of 


tracings as in Fig. 4. AS = atrial systole. 
Time interval between end of Segment A and beginning of Segment B is 0.8 second. 


inflated. Second, one must deduce that two factors are responsible for the 
reduction of right heart output when the lungs are inflated: (1) an increase of 
resistance in the pulmonary vascular bed (compare Fig. 4, A and B), and (2) 
a mechanical effect of the inflated lungs on the heart and/or great vessels. This 
is evidenced by the reduction of the pulmonary artery flow even though it by- 
passes the lungs. (Compare Fig. 5, A and B.) 

The Relationship Between Pressures and Pulmonary Artery Shunt Flows.— 
It has been pointed out by Opdyke and associates® that with positive pres- 
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sure lung inflation right and left atrial pressures consistently rise. The cause 
of the atrial pressure rises and its relationship to changes in pulmonary vas- 
cular resistance could not be explained. It was hoped, therefore, that by cor- 
relating pulmonary blood flow with pressures, evidence might be obtained to 
elucidate the cause of these atrial pressure changes. 

igs. 6 and 7 illustrate the relationship between total pulmonary artery 
blood flow and the pressures in the pulmonary artery, aorta, and both atria. 
All segments shown in these two figures are taken from one continuous record 


of another experimental animal. 
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Fig. 6.—Ilffect of positive pressure lung inflation on total pulmonary artery blood flow 
and pressures in the pulmonary artery, aorta, and both atria when the left pulmonary artery 
is occluded (open chest). 

Segment A, Flow and pressure tracings with atmospheric pressure in airway (endo- 
tracheal O). Time interval between end of Segment A and beginning of Segment B is 3.4 
seconds. 

Segment B, Flow and pressure tracings toward the end of positive airway pressure and 
its release. Time interval between end of Segment B and beginning of Segment C is 7 
seconds. 

Segment C, Flow and pressure tracings during atmospheric airways pressure. 
of tracings from top to bottom: time; aortic pressure in mm. Hg; pulmonary artery 
in mm. H:2O; endotracheal pressure in mm. H20; total pulmonary artery flow, through right 
pulmonary artery in cubic centimeters per minute; left and right atrial pressures in mm. H20. 

Points X and Z—release of airway pressure. 


Sequence 
pressure 


Segment A in Fig. 6 depicts a control period before lung inflation with 

a total pulmonary artery flow of 725 ¢.c. per minute (prior to the dropped 
ventricular beat). Segment B in Fig. 6, taken three seconds later, illustrates 
flow reduction with lung inflation from 725 to 660 ¢.c. per minute, or 9 per 
eent. After lung deflation (marked Z in the record), flow returned to the con- 
trol level seven seconds later, as seen in Segment C of Fig. 6. Total pulmo- 
nary artery flow was then shunted directly into the left atrium from the left 
pulmonary artery (Fig. 7, Segment A). Again, as previously noted in Figs. 
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4 and 5, flow through the low-resistanee shunt was greater (1,105 ¢.e. per min- 
ute) than flow through the lungs (725 @e. per minute, compare Segments A 
in Figs. 6 and 7). With lung inflation, shunt flow was reduced from 1,105 to 
1,060 ¢.c. per minute, or 4 per cent (Fig. 7, B). 

Comparison of the concomitant pressure changes in the tracings of Figs. 
6 and 7 reveals the following: both atrial pressures rose during lung inflation 
whether the blood passed through the lungs or was shunted. In either case, 
the pressures dropped immediately with lung deflation, marked X in Figs. 6 
and 7. This indicates that atrial pressure elevations during positive pressure 
lung inflation eannot be caused by an inerease in pulmonary vascular bed 


resistanee. 
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Fig. 
blood flow w hich by- ba ome the names. ‘The left pulmonary 
flow passed from the right pulmonary artery through a tube 

Segment A, Flow and pressure tracings during atmospheric 
tracheal O). 

Time interval between end of Segment . 

Segment B, Flow and tracings at the end of positive pressure 
release. Sequence of tracings as in Fig. 6. 


A and beginning of Segment B is 5.6 seconds. 
lung inflation and its 


Unrelated to lung inflations, left atrial pressures were consistently higher 
during shunt flow (for example, 78 mm. H.O, measured at the ‘‘V_ point,’’ 
Segment A, Fig. 7) than when blood perfused the lungs (64 mm. HO, Segment 
A, Fig. 6). This could be explained by the combined action of two factors: 
(a) greater filling of the left atrium by the larger shunt flow and, (b) possibly 
also direet pressure transmission from the pulmonary artery trunk to the left 
atrium, Right atrial pressure was not substantially different whether the blood 


was shunted or not. 
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Pulmonary artery pressures rose with lung inflation when blood was shunted 
as well as when it perfused the lungs. The pressures dropped instantaneously 
with lung deflation, marked Z in Figs. 6 and 7. These changes would indicate 
that the commonly observed rise of pulmonary artery pressures during positive 
pressure lung inflation is, in part at least, caused by factors other than increase 
of pulmonary bed resistance. 

Unrelated to lung inflation, pulmonary artery pressures were lower when 
blood was shunted (600/400 mm. H.O, Segment A in Fig. 7) than when it 
flowed through the lungs (730/490 mm. H.O, Segment A, Fig. 6). In the first 
ease lung inflation increased the pressures from 600/400 to 610/435, in the 
latter, from 730/490 to 770/540 mm. H.O. Elevation of both systolic and dias- 
tolie pressures and reduction of pulse pressures indicate that lung inflation 
produces a resistance to flow from the right heart to the left atrium not only 
during normal pulmonary circulation but also when the lungs are by-passed. 

Aortic pressures showed similar trends during and after lung inflation, 
whether blood passed through the lungs (Fig. 6) or by-passed the lungs (Fig. 
7). Aortic pressure decreased slowly during the latter part of lung inflation, 
fell more rapidly with release of the airway pressures (marked Z in Figs. 6 
and 7), and continued to fall slightly for five more heartbeats after lung defla- 
tion. These findings suggest: (a) that the reduced right heart output during 
the latter part of lung inflation accounts for the decline of aortic pressures, 
(b) that lung deflation may remove some external mechanical pressure from 
the aorta leading to a more rapid aortic pressure drop, and (¢) that the in- 
crease of right heart output after lung deflation is not immediately reflected 
in aortic pressure rises, since the blood must first travel via lung or shunt to 
the left heart. Regardless of the state of lung inflation, the aortic pressure 
levels were considerably higher with shunt flow (126/108, Segment A, Fig. 7) 
than with lung flow (120/100, Segment A, Fig. 6). This is apparently due to 
the larger right heart output during shunt flow. 


DISCUSSION 


The experiments reported here contribute to the solution of the contro- 
versy as to whether the inerease of pulmonary bed resistance or the redue- 
tion of venous inflow is the more important of the two components which 
reduce right heart output during positive pressure lung inflation in the open 
chest. It ean be stated that, under the conditions of the experiments, the 
major portion of the flow decrease is due to increased pulmonary bed resist- 
ance, whereas the minor portion of the flow reduction is caused by other fae- 
tors not residing in the pulmonary circuit. 

Positive pressure lung inflation diminished pulmonary blood flow in all 
experiments when blood passed through the lungs. When blood by-passed the 
lungs, flow was also reduced with lung inflation, but to a lesser extent. Al- 
though this reduction was not great (expressed on a percentage basis), it was 
consistent in each of the six experiments and eould be reproduced without 
exception during each lung inflation. It should be emphasized that purposely 
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only mild lung inflations were used in our experiments in order to remain well 
within the range of clinically applied endotracheal pressures. It was possi- 
ble, of course, by inflating the lungs to a greater degree, to produce much greater 
flow reductions than those shown in Figs. 2 to 7. The circulatory hazards of 
increased positive pressure lung inflation have also been emphasized by 
Ankeney and Hubay and associates. 

Our purpose was, however, to demonstrate that even with mild lung in- 
flation right heart output could be reduced owing to the combined action of 
an increase in pulmonary bed resistance and other factors outside the pulmo- 
nary vascular bed. 

Although only a small portion of the flow reduction can be attributed 
to factors other than pulmonary bed resistance, these factors need to be criti- 
eally evaluated. When blood by-passed the lungs, pressures consistently rose 
in both atria, the pulmonary artery, and right ventricle (end diastolic) dur- 
ing each lung inflation. Since changes in the pulmonary bed were eliminated 
under these conditions, these pressure rises were apparently due to compres- 
sion or distortion of the mediastinal structures by the expanding lungs. As 
shown in Figs. 6 and 7, the pressures fell instantaneously with lung deflation. 
These sudden pressure changes must have occurred because of some mechani- 
eal factor and not by a shift of blood volume, as not enough time had elapsed 
for volume shifts. Mechanical compression or ‘‘tamponade’’ of the heart 
and great vessels by the expanding lungs would thus explain the decrease 
in right heart output which was observed when blood by-passed the lung. 

In the experiments in which blood by-passed the lungs, right ventricular 
end diastolic pressure increased concomitantly with left atrial pressure dur- 
ing lung inflation. This occurred in spite of diminished right heart output. 
This introduces the possibility that the rise in left atrial pressure alone may 
stimulate an increase in pulmonary artery resistance. The nature of this 
mechanism deserves further investigation. 

In this study it has been demonstrated that mild positive pressure lung 
inflation with the dogs in supine position and a bilateral thoracotomy result 
in decreased blood flow owing to compression and distortion of the heart and 
great vessels. In clinical practice, the frequently used lateral decubitus posi- 
tion may well accentuate the compression and distortion effects of lung infla- 
tion and interfere with the circulation. Admittedly, in patients with an ade- 
quate circulatory reserve, compensation for such derangements is commonly 
observed, but in patients who have sustained considerable blood loss or who 
are otherwise in poor circulatory condition, the effect may be so detrimental 
as to threaten the life of the patient. 


SUMMARY 


1. The effect of positive pressure lung inflation on pulmonary blood flow 
was studied in acute open-chest animal experiments in which flow and _ pres- 
sure changes were correlated. These studies were carried out to see whether 
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pulmonary blood flow is redueed by an inerease in pulmonary bed resistance 
or by an impairment of venous return when the lungs are inflated by positive 
pressure. 


2. Pulmonary artery blood flow was directly measured when blood flowed 


either through the lungs or by-passed the lungs through tubing of constant 
resistance. 

3. Comparison of blood flows when the blood was shunted or not shunted 
showed that the major portion of the flow reduction during mild positive pres- 
sure lung inflation was caused by an increased resistance in the pulmonary 
heds. The minor portion of the flow reduction could be attributed to mechani- 
eal factors residing outside the pulmonary circulation. Evidence for the exist- 
ence of these mechanical factors was obtained by correlating pulmonary blood 
flow with pressures in both atria, right ventricle, pulmonary artery, and aorta. 

4. It is pointed out that in clinical practice, the frequently used lateral 
decubitus position may well accentuate the compression and distortion effects 
of lung inflation to the detriment of the total circulation. 
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DISCUSSION 


DR. WILLIAM L. SEWELL (Bethesda, Md.).—Several years ago, working with Dr. 
Glenn in New Haven, we performed some experiments in which we had a pump to by-pass 
the right heart. This preparation was arranged so that the output could be maintained 
constantly, the pump developing as much pressure as was necessary to afford a constant 
amount of blood into the lungs. In these experiments we found a very definite correlation 
between the pressure developed in the pulmonary artery and the amount of inflation in the 
lung. There was a drop in pressure when the lungs were completely deflated and a very 
definite increase in pressure above normal when the lungs were overexpanded. ‘These were 
in open chests; we had no observations on closed ones. I think the observations shown 
today present a very excellent description of the processes involved. 
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DR. WILLIAM PD. HOLDEN (Cleveland, Ohio).—These are all experiments whieh 
were originally designed to show something about the venous return to the heart and the 


flow of blood through the pulmonary circuit, and | thought it might be worth while to 
point out some of the practical implications of these studies. All the effects observed in 
the open chest with respect to positive pressure lung inflation are accentuated enormously 
in the closed chest, over and above what was seen on the slides in these open-chest prep- 
arations. I think there are many times when positive pressure oxygen therapy is being ad- 
ministered, or when lungs are being re-expanded during the course of a thoracotomy when 
we undoubtedly seriously interfere with the flow of blood through the pulmonary circuit. 
Now, this is especially true in the animal or the human being who is hypovolemic, and it 
is very easy to produce almost complete cessation of blood flow through the pulmonary 
circuit in the hypovolemic animal and, we suspect, in the hypovolemic human being too. 
I think it is worth while to bear in mind the fact that positive pressure lung inflation may 
produce a serious state of hypotension in the operating room. 












MECHANISMS INVOLVED IN THE ANESTHETIC STATE 


J.D. Frency, M.D., ann E. E. Kina, Pa.D., Lona Breacu, CAtir. 


(From the Veterans Administration Hospital, Long Beach, and the Departments of Surgery 
and Anatomy, University of California School of Medicine at Los Angeles) 


F ALL drugs employed for medical purposes, those administered for their 

soporific, sedative, analgesic, or anesthetic effects are among the most 
important and widely used. Voluminous data have accumulated concerning the 
toxicity, clinical effects, indications, and physical nature of these agents, but 
information concerning their mode of action has been inconclusive. It has 
been standard teaching, for example, that anesthetic agents characteristically 
exert a regularly descending depressing action upon the central nervous system, 
affecting first the cortex and then, successively, subcortical structures, dien- 
eephalon, brain stem, and medulla oblongata. In all probability, this generally 
accepted thesis is unsatisfactory and must be replaced by a concept which is 
more compatible with expanding data pertaining to cerebral function. 

Until recently, little was known concerning brain mechanisms which under- 
lie states of consciousness and of sleep. During the past decade, however, much 
information regarding such cerebral mechanisms has developed from neuro- 
physiologic investigation. As the drugs under discussion have the common 
property of reversibly depressing wakefulness, it is appropriate to examine data 
relating to the manner in which this influence is exerted. The observations 
reviewed here have developed from the interest of this laboratory in the matter 
and from the published reports of others. 


THE AROUSAL RESPONSE AND WAKEFULNESS 


It is common experience that a sufficiently intense stimulus of any kind 
will awaken a sleeping person even before he knows the nature of the event 
which aroused him. In order to induce an effective response, therefore, a 
stimulus must do two things: it must excite wakefulness and it must be 
perceived. 

It has been long known that sensations of each modality are conducted to 
diserete areas of cerebral cortex through long individual pathways known as 
primary or classical sensory systems. For example, somatic stimuli traverse the 
medial lemniseus, which terminates after thalamic relay in the post central 
gyrus; visual stimuli are conducted by the optic tracts to the region of the 
ealearine fissure; and so forth. Electrical excitation of each of these primary 
sensory systems is normally appreciated as a perception in an alert individual. 
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However, since potentials can be recorded throughout primary systems in an 
anesthetized subject, the arrival of a stimulus in the appropriate cortical locus 
by no means implies that a sensation will be perceived. It is necessary, there- 
fore, to consider the probability that a second afferent system exists through 
which peripherally initiated signals prepare or alert the brain to receive and 
appreciate sensations, and one might look for blockade of conduction in this 


second system during anesthesia. 
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Fig. 1.—These EEG tracings from the cat illustrate the difference in the appearance of 
the EEG during the waking and the sleeping state. The record during sleep exhibits high- 
voltage slow waves. 


As they ascend to the cortex, primary sensory pathways characteristically 
assume a position in the lateral portions of the brain stem. These structures 
have been intensively studied, but the function of the substance occupying the 
central brain stem—principally the reticular formation—has not until recently 
been understood. In 1949, Moruzzi and Magoun found that when they stimu- 
lated the reticular formation in sleeping eats, the electrical activity of the entire 
brain as recorded on the electroencephalogram (EEG) was suddenly transformed 
from a tracing characteristic of sleep (Figs. 1 and 2) to one indicating wake- 
fulness.'? It has since been demonstrated that the behavioral counterpart of 
this electrical change, physical arousal, is easily induced by identical stimula- 
tion. '* Because excitation of the reticular formation, therefore, induced an 
activating influence upon the entire brain, preparing it to receive and utilize 
effectively afferent information, this central cephalic brain-stem region was 
called the reticular activating system (RAS), 
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Further investigations have indicated that collateral fibers from all primary 
sensory pathways enter the RAS, where they appear to lose their individual- 
ity.” ° Instead of continuing on to isolated areas of cortex in discrete bundles, 
each mediating a single modality of sensation, they become absorbed in a vast 
network of neurones, which can be excited equivalently by stimuli of diverse 
origin—coming, for example, from visceral, visual, tactile, auditory, and other 


R.A.S. STIM. 


y A) We f od Nw Nw A wy Al Wn (ol LAA My ing Hy i \A - aman hash l\a doldaauimamed’ baeadd Cal aad 
















| \ Ny \ WY Nee iV milan ly Mi N Dy i Vl wn Vat Pastiranannaa ty nly ie leiyeaen AWA alae ay 
CORTEX ' wal 
PAIN Hl Aa hl MAY et ern 
anal ata ase hie) acl cae cee Lge ce toca coche el ea ain 
F nid ahd Bi nel ARAN nate Nnbtidnsanttna eta \NAngmanianreee 
R.A.S. 








TAA te bay Nene nln Magny rail 






AUDITORY STIM. 









erly i Ao Me aac alD nwi\\h (WY etal aed mnncoaytrenytayan 
be NM} Ny yay neNd hy WN", i sy lay WWW y* MDA Mra yf mri NAb eA CANINA Aa VA WA yt 
Ce aU A RAR Uae EME NT aN cal cd adel ionsenuaain\ Wed aime tuicacnind 


Sie alal TAleaa at at ialaced Nuh Med uit k wlcthassianalioct eetaameane Gceemaenrartaaun 
eee ataalata lan exeieh inraas nstteemerne anatnas tede* Anta ov bean aanon Aeeane nominal 





CORTEX 













R.A.S. f 
ae rn asaaemheameamtandod lededes ian thee laden lA needa ase maanabed aah cacanageche heads hapaeatal anal aha Ronan ihatmndedes eaaadl Aeodd 











ed 
WHISTLE 









Fig. 2.—The EEG record above made from electrode placements in cortex and reticular 
activating system (RAS) indicates that the animal is sleeping (left side). Stimulating 
current applied to the RAS (STIM.) suddenly causes a transformation of the record into 
one characterizing wakefulness (right side). Note (below) that identical transformation 
results from the application of a physiologic stimulus (whistle). 



















sources alike. From the RAS, these neuronal systems diffuse fountainlike to 
disseminate influence over the entire cortical mantle (Fig. 3). Here then, cer- 
tainly, is a second system through which afferent information resulting from 
peripheral stimulation is eapable of affecting the brain. 

The primary and diffuse sensory systems are illustrated in Fig. 3. The 
primary system demonstrated is the somatie sensory conduction pathway, but 
others could be diagrammed to indicate all direct afferent systems. A single 
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AROUSAL MECHANISMS 
I CORTICIPETAL PROJECTIONS 


Fig. 3.—These diagrams of the brain illustrate direct somatic sensory systems (ML— 


medial lemniscus) terminating in the primary sensory cortex (SC; upper pair, left). Collateral 
fibers (C) from this pathway enter the reticular activating system (RAS) throughout the 
brain stem (upper pair, right). Neurone aggregates from the RAS project diffusely (DP) 
to the entire cerebral cortex, exerting an activating or arousing influence upon it (middle 
pair, left). Cortical arousal can be induced through centrally mediated diffuse ie gry by 
stimulating currents applied to a peripheral nerve (1), long sensory pathways (2, 3), or the 
RAS (4). The arousal response can also be initiated by excitation — discrete cortical loci 
(shaded areas, lower pair) located in the frontal, sensorimotor, paraoccipital, orbital, temporal, 


ind cingulate regions. 





FRENCH AND KING 


stimulus applied to an extremity or to a peripheral nerve can be recorded 
throughout the medial lemniscus and in the post central gyrus. It ean also be 
recorded in the RAS, where it is much more slowly conducted; via this pathway 
the stimulus reaches diffuse cortical regions somewhat later than by way of the 
primary system. 

An arousing stimulus can be illustrated in the same diagram. If repetitive 
current is applied to a peripheral nerve of a sleeping animal, not only will the 
animal suddenly arouse, but the EEG tracing in RAS and cortex alike will 
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Fig. 4.—The tracings from oscilloscope records on the left (RECORD) show the effect 
of ether anesthesia upon potentials evoked simultaneously in the direct sensory pathways 
(ML—medial lemniscus) and RAS from single-shock stimulation of the sciatic nerve. Note 
that the potential elicited in the RAS disappears after two minutes of ether application 
(second pair, left) but returns when the anesthetic has been removed (third pair, left). 
Contrastingly, anesthesia has no effect upon potentials evoked in the medial lemniscus (ML). 


simultaneously ehange from a record characteristic of sleep to one indicating 
wakefulness. Beeause of collateral connection between the two afferent path- 
ways, the eleetrical and behavioral response induced hy such stimulation is 
identical whether the stimulus be applied to a peripheral nerve, the long sensory 
systems, or the RAS. Additional data® indicate that the arousal response can 
also be initiated from excitation of the cortical regions diagrammed (Fig. 3. 
lower pair). Presumably these connections with the RAS funetion more in 
the maintenanee of wakefulness rather than in the initiation of it. 
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ANESTHETIC BLOCKADE OF AROUSAL 


The RAS, then, has been shown to be fundamentally involved in mediating 
the processes of arousal and of wakefulness. It can be demonstrated experi- 
mentally that anesthetic agents obstruct these physiologic processes by selectively 
depressing these mechanisms. 

Anesthetic drugs do not seem to block conduction of sensation predominantly 
in separate neuronal elements or fiber system themselves.t° Evidence exists, 
rather, which indicates that the primary effect of these agents is exerted upon 
synapses.'' A system, therefore, which involves many synaptic connections, such 
as the RAS, would be expected to be far more susceptible to anesthesia than 
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Fig. 5. se EEG tracings indicate that the arousal response (see Fig. 2) is elicited 
simultaneously in RAS and cortex of a cat upon the application of a repetitive stimulus (3 V.) 
to the RAS itself before the intravenous administration of pentobarbital sodium (upper pair). 
After anesthesia, however (lower pair), EEG arousal is completely blocked, even after similar 
stimulation with much greater voltages (10 V.). 


one containing few interneuronal transfers, such as the direct lemniseal pathways. 
The selective susceptibility of complex interneuron systems to anesthesia has 
heen previously emphasized,!* and our observations would support this thesis.* 


Two different types of experiments were employed to investigate this 
problem. In one series the conduction of impulses excited by the application of 
electrical potentials to a peripheral receptor or nerve was compared in primary 
and diffuse systems, and the effeets of anesthesia upon this conduction were 
assessed. In other analyses, the results of destroying the RAS upon the hehavior 
of the animal and on its EEG were analyzed. 
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Stimulation Experiments.—When a single-shock electrical stimulus is ap- 
plied to the sciatic nerve of an unanesthetized cat, an evoked potential can be 
recorded at the brain-stem level both in the direct or medial lemniscus and in 
the RAS (Fig. 4). Following ether (or a barbiturate) administration, the 
potential recorded in the primary system persists but that in the RAS disap- 
pears (Fig. 4). When the anesthesia wears off, potentials in the reticular 


Fig. 6.—These photographs illustrate the state of complete behavioral coma induced in 
monkeys following electrolytic destruction of the RAS. (From French and Magoun, Arch. 
Neurol. & Psychiat. [November] 1952.7) 


formation return at about the time the animal regains consciousness. Clearly, 
these drugs have selectively prevented neural conduction of single-shoek impulses 
in the centrally located second system, leaving that in direct pathways to the 
cortex relatively unimpaired.* 

The same blockade can be illustrated by techniques utilizing the arousal 
response to repetitive stimulation of the RAS itself. Such exeitation applied 
through an electrode inserted directly into the central cephalic brain stem of 


normally sleeping preparation causes the sudden transformation of the EEG in 
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RAS and cortex from a tracing indicating sleep to one designating wakefulness 
(Fig. 5). After pentobarbital sodium (or ether) is given, identical excitation 
induces no change in the tracing recorded from either region and the animal 
continues to sleep. Again, the selective blocking effect is reversible and disap- 
pears as the anesthesia wears off.° 


BRAIN STEM LESION — POST OPERATIVE EEG 
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Fig. 7.—The serial EEG records made from the cortex of monkeys after destruction of 
the RAS indicate evidence of persistent coma. The slow waves displayed cannot be replaced 
by the fast activity of wakefulness, even upon the application of vigorous stimulation which 
would arouse the animal normally. (From French and Magoun, Arch. Neurol. & Psychiat. 
| November] 1952.7) 
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Destruction Kaperiments—lt is possible, by applying electrocoagulation 
currents, to destroy selectively either the medially located RAS or, conversely, 


the lateral sensory pathways in the brain stem of animals. When destructive 
lesions of this kind are made in the RAS, the animal is rendered totally and 
permanently comatose for the two or three weeks that it survives” '? (Fig. 6). 
Moreover, its EEG displays the slow wave activity characteristic of stupor 
(similar to the sleeping record): this tracing cannot be altered by even the 
most vigorous arousing stimuli (Fig. 7). Yet it can be demonstrated easily 
that conduction in long motor and sensory pathways continues without serious 
impairment.’ 


PATIENT A.C. 
(COMA 7 MO.) 


Fig. 8.—This midsagittal photomicrograph (right) and diagram (left) were made from 
the brain stem of a young woman rendered comatose for seven months by injury. The diagram 
indicates complete replacement of neural tissue in the RAS by softenings (black) and gliosis 
(stipple). The behavioral appearance and serial EEG’s of this patient paralleled changes 
exhibited by animals in which similar lesions had been made experimentally. (From French, 
Arch. Neurol. & Psychiat. [December] 1952.*) 


Contrastingly, if lesions are laterally placed, interrupting auditory, somatic, 
and other pathways connecting lower neural levels with the cortex but leaving 
the RAS intact, the animals are capable of waking and sleeping in a pattern 
which is relatively undisturbed. Moreover, they can be awakened by painful 
or arousing stimuli even though classically deseribed direct pathways for percep- 
tive functions have been destroyed.'? Thus, the behavioral and EEG changes 
which result from lesions in the RAS closely simulate those induced reversibly 


by anesthesia. 








ee MECHANISMS INVOLVED IN ANESTHETIC STATE 
Number 


HUMAN OBSERVATIONS 


Caution must always be exerted in extrapolating data derived from animal 
experimentation to processes which oceur in man. Accepting such restraint, 
it is possible only to assess evidence which points to features of similarity or 
dissimilarity between function in the two species. 

It is common experience that the behavioral and EEG characteristics of 
arousal exhibited by animal and man are parallel in many respects. This simi- 
larity probably extends also to processes involved in normal sleep and_ in 
susceptibility to anesthesia. Most tangible, perhaps, is evidence which is 
available concerning the comparative mechanisms of coma. 

We have been able to study extensively seven people rendered comatose hy 
injury or disease of the brain and who survived in this state for four to eleven 
months. Their apparent immobility, helplessness, responses to stimulation, 
electroencephalograms, and neurological findings did not differ significantly 
from similar manifestations in monkeys in which RAS lesions were made and 
to which we referred in the previous section. Studies of the brains at post- 
mortem in every instance indicated that neural structures mediating the arousal 
mechanism had been destroyed either in the RAS or in its corticipetal reflexions. 
Characteristically, the central cephalie brain stem—highly suspectible to injury 
—was replaced by softening or gliosis; essentially, no normally functional neural 
tissue remained (Fig. 8). Presumably in man as in animal, therefore, this 
region of brain is essential to normal ‘‘eonsciousness,’’? and one might infer, at 
least, that this system, which is susceptible to experimental blockade by anes- 
thetic agents, is similarly selectively depressed during clinical anesthesia. 


CONCLUSIONS 


The data presented in the foregoing review suggest that explorations of the 
central cephalic brain stem may be profitable in investigations into the problems 
of anesthesia. It has been possible to deseribe here only the susceptibility of 
the central area, clearly implicated in the arousal response, to the depressing 
action of anesthetic drugs during the induction of reversible stupor. This 
selective susceptibility would seem to be important to an explanation of the 
anesthetic state although, certainly, other distortions of function in thalamus 


and cortex are involved additionally. 

Moreover, one should consider that other functions, known to be critically 
altered by anesthesia, are mediated by structures in or under the influence of 
this same brain-stem region. For example, it is implicated in control of the 
stress reaction, facilitation and inhibition of muscle tone, mediation of visceral 
phenomena, modulation of sensory input, and maintenance of other equilibratory 
states. Exploration of these mechanisms in man is limited to elinieal observa- 
tion. It is evident that laboratory investigation has much to offer in assessing 
desirable and undesirable effects of anesthesias. 
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PHYSIOLOGIC OBSERVATIONS FOLLOWING TOTAL 
HEMISPHERECTOMY IN MAN 


GrorGE M. Austin, M.D., ANp FRANctIS C. Grant, M.D., PHILADELPHIA, PA. 


(From the Department of Neurosurgery, University of Pennsylvania School of Medicine ) 


HE problem of cerebral hemispherectomy is intimately associated with both 

technical advances and improved pre- and postoperative care in the field 
of neurosurgery. In an age when more radical surgery is gradually being used 
under consistently safe conditions, it seemed important to determine the possi- 
bility and advisability of more radical attacks on the cerebral hemispheric 
gliomas. The questions posed by this surgical approach were essentially as 
follows: 

1. Is it possible to get around large cerebral malignancies by total hemi- 
spherectomy ? 

2. Is it possible to remove completely deep-lying gliomas involving the 
basal ganglion by hemispherectomy ? 

3. What are the physiologic and psychologic deficits following this pro- 
cedure, and are they too severe to warrant such a radical approach ? 

In evaluating these problems, we decided on an approach that would at- 
tempt to be logical, and as conservative as a procedure of this sort can be. 
First, it was decided that this operation should be attempted only in eases of 
proved malignancy. Second, the operation at this stage of our evaluation would 
be used only as a secondary procedure; that is, after an initial craniotomy with 
biopsy or partial removal had proved that we were dealing with malignancy, 
and third, the operation should only be attempted when there was already 
severe hemiparesis or hemiplegia. Finally, the operation would be used only 
in those eases where it was felt that the patient’s speech mechanisms were un- 
likely to be impaired following surgery. Previous attempts at hemispherectomy, 
some successful and some unsuccessful, have been reported, commencing with 
Dandy in 1928.° There followed reports by Gardner, Zollinger,?*? Rowe," 
Krynauw,* and ‘others. Although the operation was originally proposed by 
Dandy for cases of malignant brain tumor, subsequently Krynauw suggested 
the operation for the treatment of intractable seizures in infants with cerebral 
atrophy of one hemisphere. At present there are close to forty hemidecortica- 
tions and hemispherectomies reported in the literature. The Krynauw opera- 
tion, although advocated by some, for eases of infantile hemicerebral atrophy 
with seizures, has been considered overly radical by others'® who feel that the 
epileptic focus should first be removed. In our review of the literature, most 
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eases of hemispherectomy to date have really been hemidecortications, frequently 
leaving untouched the hippocampal cortex and the basal ganglia (Tig. 1). 
For this reason we have adopted the term ‘‘total hemispherectomy,’’ and used 
it to define that condition in which all of the cortex, underlying white matter, 
and basal ganglia were removed, leaving only the thalamus and hypothalamus. 
Obviously, to do anything more elaborate would require splitting the brain 
stem, with the resultant serious impairment of consciousness. Such a procedure 
is neither indicated nor warranted in any attempt to get around malignancy, 
however severe. Following its original proposal by Dandy, the high operative 
mortality following hemidecortication or oceasional hemispherectomy was the 
discouraging factor in evaluating the procedure or testing it to any extent. 
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Fig. 1.—Dandy’s concept of hemispherectomy. Note that the globus pallidus, putamen, 
and most of hippocampal gyrus remain on right side. (From Lewis’ Practice of Surgery, The 
rain, by Walter IE. Dandy, W. F. Prior Co.) 







The purpose of this paper is to present the physiologic and psychologic 
observations made following four eases of total hemispherectomy in adults. In 
all of these eases a pathologic diagnosis was established of malignancy. It was 
with the hope of completely enucleating the tumor and prolonging the pa- 
tient’s life that the operation was carried out. Since the operation was in all 
eases a secondary operation and in one ease a tertiary operation, chances of 
suecess were not considered to be as good as if the hemispherectomy had been 
attempted immediately. 













CASE REPORTS 


CASE 1.—R. S., a 35-year-old white woman, was originally admitted to the University 
At this time an infiltrating glioma was partially removed 





Hospital in November, 1952. 
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from the patient’s right temporal lobe with the histologic diagnosis of glioblastoma multi- 
forme, She did well for a few months and then there was gross recurrence, and she was 
admitted again in April, 1953, A second partial removal of the infiltrating tumor was 
‘arried out at this time and she was again discharged. The tumor appeared to be recurring 
rapidly, and in June, 1953, there was an increasing bulge over the right cerebral hemisphere, 
with tension of the bone flap, and decompression. The patient had had a left hemiplegia 
since shortly after the first operative procedure. On June 23, 1953, she was again readmitted 
to the University Hospital and at this time there was a tremendous grapefruit-sized mass 
arising from the right hemicranium (Fig. 2). The patient seemed clear and conscious but 
complained of headache. A right cerebral hemispherectomy was carried out on June 25, 1953. 
This ineluded all white and gray matter, with the exception of the right thalamus and 
possibly a few cells of the body of the caudate nucleus. The latter may seem inevitable 
because of their juxtaposition. 


B. 


2.—Case 1, Patient R. S. A. Before hemispherectomy, B, After total right hemispher- 
ectomy. 


Postoperatively, the patient did well, although it was later necessary to remove the 
tantalum ecranioplasty because of infection. She was given intensive physiotherapy and at 
the time of discharge six weeks following operation, she was able to walk without assistance 
in a walker. No voluntary motion returned to the left arm during this period, and the 
hand was maintained in a somewhat flexed position. Emotionally the patient had improved 
considerably in that she complained less about her condition, and seemed to be quite pleased 
with the result. There may have been some apathy and dullness for the first twenty-four to 
seventy-two hours, but after that she maintained the same interest in her surroundings and 
children as she had preoperatively. At no time did she show any change in consciousness 
or signs of aphasia. We could detect no visible memory loss. Her judgment and mood 
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seemed unchanged, and she still presented a certain amount of concern over herself and her 
children that one would not find in the usual lobotomy case. However, to a certain extent, 
she was lacking in the social amenities in that she called all doctors and nurses by their 
last name without inserting the prefix ‘‘doctor’’ or ‘‘miss.’’ At times when addressed, the 
only overt change in mentation that was detectable by ordinary testing was a slightly delayed 
response. However, this increase in latency did not reflect on the quality of the response, 
and later we came to believe that it was probably the most common finding in the hemi- 
spherectomy patients. There were no changes in reflex activity following the hemispherectomy. 
Tendon jerks continued to be hyperactive bilaterally, and a little more so on the left. There 
had been a left-sided Babinski reflex before operation and this remained just as active 
as preoperatively, while there was no appearance of a Babinski reflex on the right side. 


Case 2.—A, N. was a 28-year-old white man originally admitted to the University 
Hospital in June, 1953. At that time a diagnosis of right-sided brain tumor was made, 
and right-sided craniotomy was carried out with partial removal of a tumor, diagnosed as 
nonspecific glioma. The patient was discharged with a left hemiparesis but was able to 
walk. He returned Sept. 9, 1953, to the University Hospital with a complete left-sided 
hemiplegia, associated with facial weakness. There were bilaterally choked dises with increase 
in reflexes on the left side, and a complaint of headache. 
might be able to get around the tumor by performing a total right-sided hemispherectomy. 
This was done on Sept. 17, 1953. The patient continued speaking and was cooperative 
He at no time lost consciousness 


It again seemed possible that we 


throughout the procedure, performed under local anesthesia. 
and, although his responses were not as alert at the end of the operation as at the beginning, 
he was, nevertheless, clear and well oriented (Figs. 3 and 4). 

Postoperatively, he had no difficulty with speech, consciousness, or 
was inclined to be slightly facetious, and when asked, ‘‘ How do you feel, Alfred?’’ he would 
reply, ‘‘With me hands.’’ The patient’s occupation under normal conditions was that of 
a dairy hand, and it was somewhat difficult to evaluate him from an intellectual level since 
he had only gone through the sixth grade in school. 

He was discharged to his home on November 25 in an ambulatory condition. At 
time he was able to walk with a cane and required no help to support him. He still had a 
complete paralysis of the left forearm and hand, although there was some movement in the 
shoulder. He had a partial left facial paralysis. The reflexes had not changed post- 
operatively, and he continued to have hyperactive tendon reflexes on the left side, with a 
left-sided Babinski reflex. The patient had a left homonymous hemianopia and, in addition, 
Up to 2,048 


mentation. He 


this 


an audiogram revealed a 50 decibel loss of 4,096 eyeles per second on the left. 
eycles per second there was no change. 

CasE 3.—J. H. was a 47-year-old white man, first admitted to the University Hospital 
June 27, 1953, complaining of frontal headaches with disorientation, confusion, and vomiting. 
He seemed, by neurological examination, to have a right-sided mass lesion. On June 29, a 
right frontoparietal craniotomy was carried out with partial removal of an astroblastoma 
of the right temporal lobe and island of Reil. The patient was discharged to his home on 
July 29. He remained in a satisfactory condition, with the exception of a marked hemiparesis 
on the left. 

The patient returned to the University Hospital in November, 1955, again complaining 
of headaches, and this time with additional confusion, and with a tense right-sided bone 
flap. It was thought that it might be worth while at this time to perform a cerebral 
hemispherectomy in an effort to enucleate the tumor before it crossed the midline. Total 
cerebral hemispherectomy was carried out on November 11 (Figs. 5, 6, and 7). The patient 
remained conscious and spoke throughout the entire operation, although he was slightly 
lethargic at the end of the procedure. The patient remained somewhat lethargie for the 
next week and gradually became more and more alert, returning to his previous state. How- 
ever, he was often moody and depressed, showing rather marked emotional crises, and con- 
sistently wanted his wife to be present at the bedside, in spite of the fact that she was 
attempting to retain a job in their home town. 
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3.—Case 2, Patient A. N. Patient walking with aid of cane after total right hemispher- 
ectomy. B, Incision used for hemispherectomy. 
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He appeared to be unchanged intellectually, and gradually developed use of the left 
leg, and was able to walk in a walker on the ward. The left hand remained completely 
paralyzed and was carried in a flexed position. There was a partial but rather minimal 
left facial weakness constituting about 30 per cent. He appeared somewhat less inhibited, 
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Fig. 4.—Case 2, Patient A. N. A, Empty right cranial cavity after hemispherectomy. 
moved hemisphere except for what has been removed by suction. 
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although again not as much as the usual lobotomy patient. Occasionally he showed the 
delay in response to questions that the other two patients who had undergone hemispherectomy 


also displayed. 


B. 


ig. 5.—Case 3, Patient J. H. A, Removed hemisphere. B, Mesial surface of remaining hemi- 
sphere at necropsy, 
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CaSE 4.—B. C., a 28-year-old white woman, was admitted to the Hospital of the 
University of Pennsylvania on Nov. 16, 1954, complaining of pain in the back of the neck. 


Seven months prior to admission the patient had a severe generalized convulsion, eight hours 
before delivering her second child. Following this, the pain in the back of the neck : 
gradually increased in intensity and became more frequent. Six months prior to admission 4 


she began to vomit and had occasional nausea. Gradually she became slightly lethargic and 


A. 


iat aaa tele 











B. 








Fig. 6.—Case 3, Patient J. H. A, Coronal section showing degeneration (grossly) of 
anterior thalamus on right side. 8B, Coronal section further back showing gross thalamus 
degeneration. C, Microscopic view of tumor (X260; reduced %) included in removed right 
hemisphere, astroblastoma. D, Microscopic view of tumor (X260; reduced 35) which caused 
patient’s demise, menengioma. This tumor was found in the left hemisphere at autopsy and 
Was the cause of the patient’s death two-and-one-half months following total right hemi- 
spherectomy. 














noted blurred vision. This continued to progress and she noted some diplopia, with 
increase in the nausea and vomiting. On admission to the hospital the neurological examina- 
tion revealed bilateral papilledema and a partial third-nerve palsy on the right. There was 
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little of localizing significance and the pineal body was not visualized in the plain films o! 
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the skull. A ventriculogram was made which showed evidence of a deep-seated tumor in 
the right temporoparietal region. On Nov. 20, 1954, a right frontotemporoparietal craniotomy 
was performed, with biopsy and partial removal of an infiltrating tumor deep in the right 
parietal area. 

Postoperatively, the patient did well for forty-eight hours and then developed signs 
of gradually increased intracranial pressure. Despite all attempts to relieve this by 
ventricular tap and hypertonic intravenous fluids, it became apparent that the patient was 
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Fig. 6, C, and D.—(For legend see opposite page.) 


gradually going downhill. Accordingly, ten days following the initial craniotomy, the right- 
sided bone flap was reopened and, since the tumor diagnosis had revealed glioblastoma, a 
total hemispherectomy was performed, including what was thought to be the pulvinar of the 
right thalamus. Preoperatively, the patient had been stuporous, but thirty-six hours follow- 
ing the hemispherectomy, she was talking well and moving the right extremities, as well as 
the left leg. She steadily improved over the next five weeks and at the time of discharge 
was semiambulatory with the support of a nurse, This patient was clear mentally, possessed 
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Fig. 7.—-Case 3, Patient J. H. A, Right lateral cerebral angiogram posthemispherectomy 
showing filling of the opposite (left) cerebral vessels. B, Right anteroposterior cerebral 
angiogram, showing the filling in the left anterior cerebral artery. The left side fills because 
the right anterior cerebral artery was coagulated beyond the anterior communicating artery, 
thus permitting blood from the right carotid artery to fill vessels from the left side of the 
circle of Willis. 
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iw good sense of humor, and seemed to have a fair amount of insight into her situation, At 
the time of her discharge our greatest worry was that this tumor, which involved structures 
so close to the midline, might actually have crossed to the opposite side, in spite of the 
radical surgery. 

In reviewing these four cases of hemispherectomy, it must be kept in mind 
that the prime purpose here was an attempt to remove a malignant tumor radi- 
eally in order to prolong the patient’s life in the possibility of a cure. In the 
case of astroblastoma and glioblastoma multiforme, we were constantly aware 
of the statistical significance of the tumor we were dealing with; namely, greater 
than 70 per cent of these tumors eventually cross the midline through the corpus 
callosum before death. It was obvious, then, that in order to effect a total 
removal, we would have to get out all tumor and as much neural tissue as possi- 
ble close to the midiine. 

The phenomena of maximum interest in these cases which were diffi- 
cult to explain were the following: the state of consciousness, the degree of 
preserved mentation, the recovery of movement in the left leg, and the relative 
lack of sensory loss. 

Consciousness.—With regard to consciousness, one is faced with many 
different definitions and degrees. In order to have merely a working hypothesis, 
we have defined it as ‘‘an acute awareness of one’s surroundings.’’ Certainly 
these patients seemed to possess this acute awareness to a high degree, three 
of the four during the operation, and all afterward. We are well aware that 
the interpretation of this problem presents many difficulties. Many hypotheses 
have been presented by different investigators as to the locale of this phenomenon. 
Thus, Dandy? felt originally that consciousness was a diffuse phenomenon and 
a property of the dominant cortex relying on many emotional and memory experi- 
ences. Additional hypotheses have included the role of collaboration between the 
hemispheres with the belief that it was the balanced action of the two hemi- 
spheres working together which provided one with this acute awareness of 
one’s surroundings. More recently the hypothesis has swung down to the upper 
brain stem, with Sir Hugh Cairns,’ Penfield,** Rowbotham,'? Magoun,'! and 
others being the chief proponents. 

From a factual point of view, our own evidence would only seem to indi- 
cate that consciousness does not lie in the right basal ganglia, the cortex of 
the nondominant hemisphere, or, indeed, any combination involving the non- 
dominant hemisphere and the specific thalamic nuclei of this side. This would 
contradict those theorists who believe that it is the interplay between the two 
hemispheres which provides one with a state of consciousness. Obviously, fol- 
lowing total hemispherectomy on one side, this delicate interplay would be 
completely deranged. That this is so has already been suggested by the marked 
changes in the electroencephalogram with the increase in activity in the left 
cerebral hemisphere following ablation of the right hemisphere (Fig. 8). We 
know, from the work of Rose and Woolsey,?® Langley and Griinbaum,® and 
others, that many of the thalamie nuclei are seriously degenerated. Walker?” 21 
showed in maeaques and chimpanzees that there is marked degeneration in the 
ipsilateral thalamie nuclei, with the exception of the midline and intralaminar 
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nuclei following hemidecortication. Obviously, if the specific thalamic nuclei 
were to any degree responsible for consciousness, it would seem natural for 
this phenomonon to be markedly impaired. These observations suggest that the 
brain stem, which may be responsible for consciousness, does not include the 
specifie thalamic nuclei of the nondominant side. Although only one complete 
left-sided hemispherectomy in adults has ever been recorded (Zollinger**), 
following this operation there was total aphasia for a brief period of time. 
During the twenty-one days in which the patient lived she did regain the use 
of a few words, in spite of being a right-handed individual. This information, 
although based solely on one case, would suggest that consciousness is, likewise, 
not a property of the dominant hemisphere. This would then lead one to the 
conclusion that, on the basis of present observations, consciousness is probably 
a brain-stem phenomenon, or else a brain-stem phenomenon acting in part 
through its relationships with one hemisphere.* 

Psychologic Evaluation—With regard to the question of mentation, there 
are those who would say that the changes noted in these patients, both by our- 
selves, nurses, families, and, in two cases, a competent team of psychologists, 
would be considered minimal. There, indeed, are many who would conclude 
that the nondominant hemisphere in man is of little use. Against this, how- 
ever, is the fact that none of these patients were required to make even moder- 
ately difficult judgments when confronted with the problems of life. It might 
further be argued that those tests which were used, even by the competent team 
of psychologists in two patients, might have been lacking in the more subtle 
gradations of learning capability, logical thought, and delicate memory processes. 

Results of Psychologic Testing —Preeise testing by trained psychologists 
was earried out on Patients 2 and 4. The outlined results are presented here 
and reveal more exactly than the case reports the extent of the patients’ 
psyehologie status. 

CASE 2,—A. N. (three weeks postoperatively ). 

Behavior and attitudes: Responses were usually markedly delayed, although le related 
well to the examiner, was very cooperative, and displayed a sense of humor. Expressed no 
desire to leave the testing situation, but appeared to tire easily. 

Intellectual aspects: The patient was functioning at a low average intellectual level. 
Ilis range of information and his vocabulary were approximately average. His memor) 
function was low average. He showed the ability to learn in a reasoning way if given 
the chance. His definitions tended to be functional and concrete rather than abstract. He 
showed marked inability to grasp the interrelationships in a total situation presented visually. 
Ile presented no evidence of confusion or confabulation and for the most part appeared 
to be in good contact with reality. 

Affective aspects: The affective life was somewhat immature and impulsive. It was 
likely to be expressed in a rather egocentric manner, rather than in an object related, 


sympathetic manner. Interpersonal relations did not appear to have much meaning for him. 


Case 4.—B. C. (four weeks postoperatively ). 


Behavior and attitudes: The patient was well oriented and given to humorous con 
other 


ments at times. She fatigued easily and her attention wandered a great deal to 


events in the ward. 





*“Brain stem” is used here in the usual manner, to include medulla, pons, midbrail 


thalamus, and hypothalamus. 
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Intellectual aspects: She performed at an average intellectual level (1.Q.—95) on the 
verbal scale. Memory functioning seemed relatively unimpaired both for previously learned 
information and concepts, as well as immediate memory of material presented orally to her. 
It was in her perceptual functioning that she showed considerable evidence of impairment, 
however. The patient seemed helpless when a task called for planning. Her associative 
processes were characterized by blocking and perseveration. 

Affective aspects: The patient had feelings of impotence congruent with the severe 
loss of efficiency in intellectual functions. She showed lack of discernment in her cognitive 
processes. It was suspected that the patient would be rather egocentric in her interpersonal 


orientation.* 
Before Before 


ee 
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A, 

Fig. 9.— A, Case 2, Patient A. N. Maximal knee jerks recorded oscillographically. _ Nos. 
vealed: ae’ cheat Police the Mercighereeee ne, Tes net eect, satient’ was’ already 
May eel on the left side before operation. B, Case 3, Patient J. H. Similar records as noted 

Motor Power.—With regard to movement it is interesting that all of these 
patients regained a great deal of function in the leg opposite the operative 
removal. Although we know, from the studies of Garol,® Sugar,?® Penfield,?* and 
others, that there are at least three representations of movement in the cortex, 
and probably additional levels of movement in subcortical structures, it is 
difficult to account for this return of function on the opposite side. The two 
hypotheses which seem open are that the remaining (dominant) hemisphere 
possesses cortical aggregates which may take over additional duties of a motor 
variety when called upon to do so, or else that there are subcortical levels of 
motor movement which have strong ipsilateral potentialities available for use 
after a period of learning. These concepts may not be mutually exclusive. 


*We wish to thank Drs. Julius Wishner and Herman Niebuhr of the Department of 
Y’sychology for aid in the psychometric testing. 
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eathode-ray tube and photographed (Fig. 9). 


following a maximal response due to a blow from a reflex hammer which trig- 
We could detect no change in three of the patients following 
All remained hyperactive after the operation, who were 
However, Patient 4, B. C., beeame hypoactive after 


gered the sweep. 
the hemispherectomy. 


hyperactive before surgery. 


the operation with almost absent ankle and knee jerks on the left side and 
depressed biceps and triceps reflexes on the left. 
or hyperreflexia preoperatively, and had no Babinski reflex preoperatively 
In essence, she went into a mild form of spinal shock for about five 
Similar evidence has been found 


(Table I). 


to seven days following the hemispherectomy. 
by MeCouch*” in monkeys, following section of the pyramidal tract and removal 


of the motor cortex. 


TABLE I. 








Knee jerk 


Ankle jerk 
Abdominal 


Plantar 


Vibration 


Position 


Two-point discrimination present 


= 





She had not shown spasticity 


CASE 4, PATIENT B. C. 


RIGHT 
++ 
++ 
++ 

ys 

+++ 


‘LEFT 





This table shows the tendon reflexes on the left side, still hypoactive after two weeks. 
Originally, these reflexes were unobtainable for the first three days and then gradually became 
over 
returned, revealing the complete decussation of these proprioception fibers. 


perceptible 


us following the extensive removal. 


the next seven 


TABLE II. 


days. Position 





_ Q WEEKS POSTOP, 


sense 


and two-point 
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Arm 


(Dorsum of wrist 


and hand) 
Leg 





PAIN | ~ TOUCH — “PAIN 
er. | wr. | rer. | LT. | RT. 
2 Gm. 4 2 6 2 Gm. 
2 Gm. 4 3 15 2 Gm. 


(Dorsum of foot 


and instep) 





and of touch with von Frey 
with this means of testing. 
a much greater impairment of touch as described in the text. 


hairs. 
Also, 


Whether or not 


discrimination 






3 WEEKS POSTOP. 


10 


| TOUC 
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Reflexes.—Reflexes were tested in three of our patients before and after the 
Knee jerks and ankle jerks were recorded on the face of a 
Multiple records were obtained 


never 


it 


H 


Sensation.—The problem of pain retention eame somewhat as a surprise to 
The fact that the patients seemed to have 
a slightly overactive response to generalized pain and discomfort might be 
attributed to an almost thalamic type of syndrome. 
the early cellular degeneration in the primary sensory nuclei which resulted 
in the over reactivity to this type of pain, or whether it was an imbalance of the 
ipsilateral sensory nucleus, we can only surmise. 


was 





This table shows a quantitative measurement of pain with a spring-loaded analgesiometer, 


The threshold of 2 Gm. to pain is approximately normal 


a threshold of 


to 


2 Gm. 


is normal 


for touch. 


There 


Although from gross appearances the thalamus appears markedly shrunken 






on the side of the hemispherectomy (Fig. 6), serial sections were cut to determine 


the amount of degeneration.?° 


The nucleus ventralis posterolateralis was com- 
pletely degenerated, and only a rare cell could be seen in the region of ventralis 
















Fig. 10.—Case 3, Patient J. H. A, Microscopic section through posterior thalamus_ to 
‘how degeneration of the nucleus ventralis posteromedialis and posterolateralis on the right; 
3, shows ghost cells and marked gliosis through section taken from inset on right side, region 
of ventralis posteromedialis and posterolateralis; C, shows normal cells and slight gliosis on 
ieft side, from area corresponding to B. 
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TABLE ILI. CASE 4, PATIENT B. C. RESULTS oF TESTING FOR PAIN AND TOUCH TIIRESILOLDS, 
’ al 
THREE MONTHS POSTOPERATIVELY 




















PAIN TOUCH | 2 PT. DISCRIMINATION 

RT. | LT. | RT | LT. | RT. LT, 
Leg 2 2 s 16 2.6 em. 10.2 em. 
Arm 2 2 2 16 2.1 cm. S.S em. 
Face 2 2 1 10 0.6 em. 15 em. 





posteromedialis. The former nucleus represents the termination of the spino- 
thalamic tract. In order to explain the degree of preserved pain sensation that 
was measured by analgesiometer (Tables II and III), there must be some 
ipsilateral thalamic representation. This could be accomplished by crossing 
fibers in any of the paths depicted in Fig. 11. However, since the degeneration 
of ventralis posterolateralis is complete, the main crossing of pain fibers must 
oeceur via route A. There is indeed evidence to support this from lower animals 


Ss pire Thalamic 


Tract — 





Rain 


Fig. 11.—Possible pathways of ipsilateral pain representation. Cordotomy has shown 
than an ipsilateral conduction of pain in the cord rarely, if ever, occurs. Since our microscopic 
sections showed complete degeneration of ventralis posterolateralis, possibilities of B and C 
crossing through the corpus callosum or the massa intermedia become untenable The path- 
way through the dorsal posterior commissure, however, is probably the explanation (see 
Quensel © and Chang and Ruch?). 


and a brief mention of it in man. Chang and Ruch? have shown that fibers 
of the spinothalamie tract do cross in the dorsal part of the posterior commis- 
sure in the spider monkey. Quensel!'’ in 1898 originally showed these fibers in 
man. Also, it is possible that there are crossing fibers lower in the brain stem, 
which one might suspect from the fiber count of Glees? showing a marked 
diminution in the number of fibers in the spinothalamie traet between medulla 
and thalamus. 
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The pronounced loss of touch sensation when measured with von Frey hairs 
(Tables II and III) can only be explained by a much greater contralateral 
representation than pain. We cannot anatomically denote from our evidence 
the path of recrossing back to the ipsilateral thalamus. The complete loss of 
proprioception (position sense and two-point discrimination) is explained by 
the single crossing of these fibers of the medial lemniscus in the medulla, to the 
contralateral side. 

SUMMARY 


1. Four eases of right-sided total hemispherectomy in adults have been 
described. The entire hemisphere was removed with the exception of thalamus 
and hypothalamus. 

2. There was no operative mortality, and all patients regained gross func- 
tion of the left leg sufficient to walk with some degree of facility. Some move- 
ment was regained at the shoulder and there was also slight elbow flexion, 
although no finger movement was regained. 

3. Electroencephalograms taken before and after the operation showed 
improvement in normal frequencies and amplitude over the remaining hemi- 
sphere, after the hemispherectomy. 

4. Psychologie studies showed relatively little memory change, and intel- 
lectual capacity for concrete facts remained good. There was considerable in- 
crease in the latency of response to questions. Most marked changes were in 
the realm of perceptual thought. 

5. Quantitative measurement of pain and touch showed that pain sensation 
was decreased less than touch on the side opposite hemispherectomy. Touch 
sensation remained grossly impaired, whereas threshold for pain sensation at 
the end of three months had returned to normal. Thalamie sections made on 
one patient who died two and one-half months postoperatively showed complete 
degeneration of nucleus ventralis posterolateralis and almost complete degencra- 
tion of nucleus ventralis posteromedialis on the ipsilateral side. 
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DISCUSSION 


DR. WILLARD GOODWIN (Los Angeles, Calif.)—How about bladder, bowel, and 


sex function? 


DR. G. M. AUSTIN (Closing ).—These patients all regained bowel and bladder function. 


They were incontinent for about two weeks postoperatively, but by the time they were dis- 
charged from the hospital, which was five or six weeks after the operation, with the exception 
of a patient who died in the hospital two and one-half months following surgery, they all 
regained bowel and bladder function. I cannot speak for their sexual activities, but from 
the remarks that were made by some of the male patients while in the hospital I assume 
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FRANK GLENN, M.D., NEw York, N.Y. 
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INTRODUCTION 


¢ RECENT years there has been a group of cases in which the cause of death 
has been attributed to ‘‘cardiae arrest.’’? Clinically the patient appears 
ashen, there is no detectable pulse or heartbeat, and arteriolar bleeding is 
absent. The electrocardiogram indicates bizarre ventricular activity or no 
electrical activity. This large category should be subdivided into the many 
causes of the cessation of cardiac action, for only the ultimate result is similar. 

With the knowledge available today it is difficult to classify cardiac 
arrest on the basis of the etiological factor which initiates the physiologic chain 
of events that terminates in cardiae arrest. However, in keeping with the 
present literature, cardiac arrest may be classified as primary or secondary. 

Primary cardiac arrest refers to those eases in which the exact etiology of 
onset is unknown. Secondary cardiac arrest refers to those cases, among others, 
in which the onset is secondary to hypoxia, hypereapnia, anesthetic overdose, 
reflex activity, drug idiosynerasy, inadequate effective blood volume, or electric 
shoek. 

Hypoxia is one of the most important faetors contributing to cardiac 
arrest during anesthesia, for it directly depresses myocardial activity. If the 
hypoxia is severe or persistent, ventricular standstill may result or cardiac 
arrhythmia of the ventricular type may ensue. 

The space of time in which hypoxia may produce its damaging and often 
permanent effects on the central nervous system is of paramount concern. 
The resultant effects of severe hypoxia on the brain have been well documented 
by Courville.? 

The treatment of cardiae arrest during the last deeade consists of two 
mutually interdependent parts: the simultaneous establishment of adequate 
ventilation with 100 per cent oxygen, also an effective cardiae output. Arti- 
ficial ventilation with 100 per cent oxygen, cardiac massage through the trans- 
thoracie approach, the use of the electrical defibrillator, the treatment of 
arrhythmias with drugs, and, more recently, the use of an artificial pacemaker 


2-6 


are well deseribed in the literature.’ 


These investigations were aided by a grant from the New York Hospital—Cornell Medical 


Center Research Fund. 
a7 Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
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Hans Berger? recorded the electroencephalogram through the intact skull 
and proved it to be a record of cerebral activity. The changes that occur in 
the electroencephalographic pattern during anoxia and unconsciousness have 
been investigated.*"* 1t was noted that as consciousness was lost and the venous 
blood oxygen saturation decreased, slow waves of 1 to 5 cycles per second activity 
of increased amplitude appeared in the electroencephalogram. Gibbs and asso- 
ciates’* studied the effect of certain drugs on the electroencephalogram and noted 
that the first effect of ether during induction was to increase the frequency of 
cortical discharge to 20 cycles per second, and, as consciousness was lost, 5 cycles 
per second waves appeared. As anesthesia became more profound, cortical 
activity slowed, until in surgical anesthesia 1 eyele per second waves are 
dominant. Fauleoner and co-workers" introduced the use of the electroenceph- 
alogram into elinieal practice during nitrous oxide anesthesia. Subsequently, 
Courtin and associates’ investigated the changes associated with ether on the 
electroencephalogram in detail. Fauleoner and co-workers'® extended this in- 
vestigation and determined that a straight-line correlation existed between the 
blood arterial ether concentration and the activity of the electroencephalo- 
graphic pattern. Recently we have associated the 20-cycle pattern described 
by Gibbs'® during induction of di-ethyl ether anesthesia with the stage of 
analgesia." 

Since July, 1953, we have monitored electroencephalographie and electro- 
cardiographic aetivity on all patients undergoing valvular heart surgery. On 
several occasions we were able to study the electroencephalogram and electro- 
‘ardiogram during eardiae arrest and resuscitation. The simultaneous electro- 
encephalograms and electrocardiograms of six patients who suffered ineffective 
cardiae output from different causes are presented. 


METHOD 


All patients undergoing cardiac surgery had electrodes for electrocardiographie record- 
ing in place prior to the induction of di-ethyl ether anesthesia. Recordings of the electro- 
cardiogram were made either with a Grass IIID electroencephalograph or a Cambridge 
Simpli-seribe. Frontocentral No. 25 gauge needle electrodes were placed in the scalp, and 
bipolar electroencephalographic records were made on the Grass IIID electroencephalo- 
graph, which was standardized at 7 mm. deflection for 50 microvolts, and records at a paper 
speed of 50 mm, per second. After adequate warm-up time was allowed, recordings were 
made continuously during the induction of anesthesia and periodically during the operative 
procedure to aid in anesthetic management. Blood pressure, pulse, and respiratory rate 
were recorded throughout the operative procedure. 


CASE 1.—A 32-year-old white woman with pulmonic stenosis Class IIb was admitted for 
eardiae catheterization. While attempting to position the catheter in the pulmonary artery, 
it was noted that ventricular fibrillation had replaced normal sinus rhythm. Assisted ventila- 
tion with 100 per cent oxygen was started (using an anesthetic mask and rebreathing bag), 
and 1.5 Gm, of procaine amide was administered intravenously in divided doses over a 
three-minute period. Ventricular fibrillation persisted. Spontaneous breathing continued, 
but the patient lost consciousness. The chest was entered four minutes after the onset of 
ventricular fibrillation and effective cardiac massage begun. Continued eardiae massage 
and an additional 0.5 Gm. of procaine amide resulted in a change from ventrieular fibrilla 
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tion to ventricular tachycardia. The first electroencephalographie record was obtained 
360 seconds following the onset of ventricular fibrillation. It showed the presence of fast 
beta activity. At the same time orotracheal intubation was performed and ventilation with 
100 per cent oxygen was continued. <A slower idioventricular rhythm appeared at 420 
seconds. At this time a strong radial pulse associated with spontaneous cardiac contraction 
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Fig. 1.—Electroencephalogram and electrocardiogram for Case 1. 


was felt and cardiac massage was discontinued. The electroencephalogram showed more 
slow activity and less fast activity, indicating decreased cortical activity. The cardiac 
action changed to rapid auricular fibrillation, associated with right bundle branch block at 
600 seconds, but the electroencephalograph showed further deterioration. Ouabain 0.5 mg. 
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was given in two doses twenty minutes apart and resulted in some slowing of the fibrilla- 
tion. By 1,520 seconds the fast electroencephalographic activity had become more 
dominant. There was continued improvement, and by 2,100 seconds the slow activity had 
disappeared and alpha and beta activity were dominant. At this point the patient became 
unmanageable, and thiopental sodium was given intravenously during the closure of the 
chest. (At 2,650 seconds a pattern was obtained showing increased slow activity.) 
Postoperatively the patient did well. She was oriented two hours and forty minutes 
after the onset of ventricular fibrillation. Six hours after the onset of ventricular fibrilla- 
tion the electrocardiogram indicated normal sinus rhythm. Two days postoperatively 
electroencephalograms and electrocardiograms were found to be within normal limits. 
Later, it became evident that the patient was amnesic for the two days following the 
cardiac massage. However, no personality or mental changes were evident at the time of 
discharge from the hospital on the seventeenth postoperative day. 
Follow-up, six weeks after discharge, indicated that the patient had resumed piano 
lessons and all other activities, with no apparent loss of function. 


CasE 2.—A 48-year-old white man with mitral stenosis Class IIIc and auricular fibrilla- 
tion was admitted for mitral valvulotomy. When the auricle was entered, considerable old 
and fresh clots were encountered. The carotids were compressed by the anesthesiologist, 
while the surgeon proceeded to flush out the clots. All blood loss was immediately replaced 
intravenously. After the clots were satisfactorily flushed out, the cardiac action became 
poor. At this time (000 second) the cardiac rate slowed and output was ineffective, as indi- 
sated by the appearance of slow activity in the electroencephalogram. On direct observation 
of the heart the auricles were contracting well, the right ventricle was contracting nor- 
mally, but no left ventricular activity could be seen. The mitral valve was immediately 
fractured digitally. The auricular appendage was closed and cardiac massage started. By 
this time (260 seconds) there was further deterioration in the cortical activity as reflected 
by more slow electroencephalographie activity. Following the institution of effective 
cardiac massage there was a less slow activity and more fast activity, indicating improved 
cortical activity. When an effective heartbeat was thought to be present (790 seconds) 
and the massage interrupted, the electroencephalographic pattern promptly deteriorated. 
Massage was quickly resumed and the cortical activity improved. During cardiac massage 
ventricular tachycardia appeared spontaneously, followed by nodal rhythm (1,990 seconds), 
and the heart rapidly and progressively improved. There was a similar remarkable im- 
provement in the electroencephalogram (2,190 seconds). In order to effect closure of the 
chest and completion of the operative procedure it was necessary to add di-ethyl ether to 
the inhaled oxygen. With just a minute amount of ether there was a marked slowing in 
the dominant frequency of the electroencephalographie pattern, which indicated that this 
central nervous system was extremely sensitive to ether following this bout of hypoxia. 
At the end of the operation all vital signs were normal and the patient was reacting. The 
recovery room electroencephalogram showed abundant beta activity and a moderate 
amount of alpha activity. The recovery room electrocardiogram revealed no essential 
change from preoperative records. 

In the recovery room it was apparent that the patient was aphasic and anomic. He 
was able to answer questions by nodding his head. The aphasia gradually cleared so that 
on the tenth postoperative day he was able to speak simple sentences. By the twentieth 
postoperative day the patient had completely recovered from his anomia and aphasia. 





CASE 3.—A 55-year-old white man was admitted with aortic insufficiency and coarctation 
of the thoracic aorta Class IIITd. It was decided to resect the coarctation of the aorta and 
replace it with a plastic Hufnagel aortic valve. The coarctation was entirely resected and 
an autologous graft inserted. As the valve was being inserted in continuation with the graft, 
a change in the electrocardiogram to ventricular tachycardia occurred (time 0:00) and slow 
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electroencephalographic activity reflecting impaired cerebral circulation appeared for the 
first time. One minute later the heart was observed to go into ventricular fibrillation. The 
dominant electroencephalographic frequency became progressively slower. The electrocardio- 
gram showed ventricular fibrillation. Thirteen and one-half seconds after the onset of ven- 
tricular fibrillation cardiac massage was started by an assistant, while the surgeon attempted 
to complete the insertion of the valve. Cardiac massage was ineffectual in maintaining cerebral 
circulation since the electroencephalogram continued to degenerate, and at 18 seconds no 
activity was present. At time 4:00 the electroencephalogram was still flat. At time 6:00 
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Fig. 2.—Electroencephalogram and electrocardiogram for Case 2. 
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more effective cardiac massage was possible because the insertion of the valve had been com- 
pleted. Procaine, procaine amide, and the electrical defibrillator had no effect on the ven- 
tricular fibrillation. By the twenty-third minute the electroencephalogram had improved 
slightly, while the electrocardiogram still showed ventricular fibrillation. At one hour, twenty 
seconds, the electroencephalogram had improved markedly with the cardiac massage so that 
fast beta activity was not evident and the slow activity had decreased markedly. However, 
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Fig. 3.—Electroencephalogram and electrocardiogram for Case 3. 


the electrocardiogram showed further deterioration in electrical activity. By 76 minutes the 
heart became flabby; effective cardiac massage could no longer be accomplished; the electro- 
encephalogram and the electrocardiogram showed further deterioration in electrical activity. 
The patient was pronounced dead at this time. 


CasE 4.--A 49-year-old white woman with mitral stenosis Class IIIe was admitted fo 


mitral valvulotomy. At the time the finger fracture was being performed the heart was 
accidentally herniated from the pericardial sac, the apex pointing toward the chest wall. 
With the heart in this position the great vessels were acutely angulated. Approximatel) 
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three seconds following herniation there was an abrupt change in the cortical frequencies 
recorded. Three cycles per second activity was seen, and this activity became progressively 
slower and of increased amplitude. Upon restoration of the heart to the pericardial sac the 
electroencephalogram returned to the previous 22 cycles per second activity, indicating that 
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Fig. 4.—Electroencephalogram for Case 4. 


ACUTE BLOOD LOSS 


ELECTROENCEPHALOGRAM PRIOR TO BLOOD LOSS 


TIME 0 SUDDEN BLOOD LOSS S50 ua F <|SEC> 


TIME 30 SEC. RAPID IV REPLACEMENT STARTED 


TIME 50 SEC. 


TIME 250 SEC 


Fig. 5 Klectroencephalogram for Case 5. 


effective cerebral circulation had been re-established. On the second postoperative day the 
patient experienced some organized hallucinations, but the postoperative course was other- 
wise uneventful. 
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CASE 5.—A 7%-year-old white boy with pulmonary stenosis Class IIb was admitted for 
pulmonary valvulotomy. The operation progressed uneventfully until the pulmonary artery 
was entered. At this time 300 c.c. of blood was lost suddenly. There was slowing of the 
electroencephalogram, which until the time of hemorrhage had been the typical pattern asso- 
ciated with di-ethyl ether analgesia. However, 30 seconds following the rapid blood loss, only 
slow activity of 1 cycle per second was observed. The blood loss was replaced promptly, and 
the bleeding was controlled. Fifty seconds later the pattern was much improved, and by 
250 seconds, the pattern had returned to the pattern of maintenance and all vital signs were 











stable. 


CARDIAC TAMPONADE 







ELECTROCARDIOGRAM 






ELECTROENCEPHALOGRAM 









50 ua F +1S&C> ima ~ ¢1 SEC? 
PRIOR TO DECOMPRESSION 


AN RN ALN et a ir th te 











FOLLOWING DECOMPRESSION 


Loren et ee We Oe OP ONG tem en an eee 
j i t ; 


Fig. 6.—Electroencephalogram and electrocardiogram for Case 6. 











CASE 6.—A 4-month-old white male infant was admitted in acute congestive heart 
failure. It was the impression of the cardiovascular group that an anomalous origin of the 






left coronary artery from the pulmonary artery or a rhabdomyoma involving the left 






coronary artery was present. Following an unsuccessful but adequate medical regimen to 






correct the congestive heart failure, an emergency thoracotomy was performed under di- 
ethyl ether analgesia. The pericardial sac was found to be filled with blood. When the 






pericardium was opened there was a sudden release of blood with immediate relief of 






sardiac tamponade. The electroencephalogram showed an immediate increase in the pre- 






dominant frequency, which had been 1 to 2 eyeles per second. A rhabdomyoma was found 






to be the cause of an intrapericardial hemorrhage. 









DISCUSSION 






The most sensitive organ in the body to oxygen lack is the brain, and those 
areas of the cortex which have the richest blood supply are the most sensitive 






to hypoxia. The lower centers are more resistant to hypoxia than the cortex, 
and the medullary centers may carry on their function for some time after 
hypoxia has produced a cessation in cortical activity. Thus by using the electro- 
encephalogram to monitor cortical activity we have a window through which we 
‘an view the most sensitive portion of the nervous system. 
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All patients undergoing valvular heart surgery have received di-ethyl ether 
as the principal anesthetic agent. They have been maintained in Stage I 
(analgesia), as described by Artusio'® 1° (1954). The patients are able to nod 
their heads in response to questions and indicate if they are comfortable. 

The electroencephalogram in the analgesic stage shows abundant 24 cycles 
per second activity. The slower frequencies seen with conventional surgical 
anesthesia and coma are not present. If, without increase in concentration of 
ether in the inspired mixture, there is disappearance of the fast activity con- 
comitant with the appearance of slow activity, it is known immediately that 
there is cortical depression due to some other factor than the anesthesia. When 
this occurs both the conscious and the analgesic patients become unresponsive and 
unconscious. It has been shown that the fast frequencies are the most sensitive 
to hypoxia. When adequate oxygenation of the brain is again re-established, 
assuming no permanent damage, the electroencephalogram returns gradually to 
the prehypoxic pattern and the patient again may become responsive. 

Acute anoxia produced abrupt changes in the electroencephalographic 
pattern in spite of high oxygen tension and saturation in arterial blood. The 
records taken during the herniation of the heart from the pericardial sac (Case 
No. 4) indicated that only three seconds had elapsed between the time of the 
obstruction of the large vessels and the appearance of slow activity. With the 
knowledge that the patient was breathing an atmosphere of greater than 90 per 
cent oxygen, it can be argued that the high hemoglobin saturation and the 
extra oxygen in physical solution in the plasma would afford protection for 
some time of the brain from acute anoxia. However, from the record it 
appears that, for practical purposes, in a case of sudden stagnant anoxia the 
protection of the extra oxygen dissolved in the plasma is not significant to 
maintain oxygenation of cortical tissue, even for the briefest period. 

The electroencephalogram during the case of acute blood loss (Case 5) 
slowed to the same relative degree over a longer period of time, and the return 
to the analgesic pattern is slower than in the case of herniation of the heart 
from the pericardial sac. It was difficult to conceive that an estimated blood 
loss of 300 ¢.¢., which represents one-eighth of the total blood volume of the 
patient (Case 5), could produce the startling change seen in the electro- 
encephalogram. However, the blood loss was from the pulmonary artery, and 
the cardiae output was probably reduced momentarily to zero. 

The changes produced by anesthesia and hypoxia on the electroencephalo- 
gram of human beings are additive. This is demonstrated in the case of 
cardiac tamponade (Case 6). Prior to decompression there was slow electro- 
encephalographie activity with some superimposed fast activity present. Fol- 
lowing release of the tamponade and the associated increase in cardiae output 
there was an increase in the amount of fast activity present in the electroen- 
cephalogram, although the inhaled anesthetic concentration remained un- 
changed. 

The electroencephalograph as a monitor during cardiac surgery has 
been an important asset to the management of the cardiae surgical patient, 
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especially those classed as IVd. The latter group were decompensated, and 
most of them were suffering from chronic hypoxia. The clinical signs of depth 
of anesthesia are not accurate enough for the management of these patients. 
By monitoring the electroencephalographie activity one can determine exactly 
the depth of anesthesia which is related to the blood concentration of anesthetic 
agent and the presence of hypoxia or hyperearbia. 

Impaired cortical activity has been noted before ventricular standstill or 
ventricular fibrillation occurred. In the case of impaired auriculoventricular 
conduction (Case 2), the contraction of the left ventricle was seen to be ineffee- 
tive and cerebral activity slowed to 1 to 2 cycles per second. Cardiac massage 
was therefore started, even though the electrocardiogram showed an organ- 
ized pattern. By early and effective institution of cardiac massage it was 
possible at all times to maintain cortical activity. When the electrical activity 
of the heart appeared to improve, it was possible to discontinue cardiac 
massage temporarily and assess accurately whether the cardiae output was 
adequate to maintain cerebral activity. When the cardiac output was seen 
to be inadequate, cardiac massage was resumed. 

It has been our clinical impression that following a bout of hypoxia the 
central nervous system is less resistant. That is, if a second bout of hypoxia 
is experienced the effects are more profound than expected and the recovery is 
slowed. There seems also to be an increased sensitivity of the central nervous 
system to anesthetic agents following an episode of hypoxia, for if an inhala- 
tion agent or an intravenous barbiturate is administered following a hypoxic 
episode, less agent than expected is required to produce unconsciousness and the 
slow electroencephalographiec pattern seen (Case 2). This is especially im- 
portant, for it is extremely easy to overdose a posthypoxie patient, with the 
result that cardiae arrest may occur. 

When ventricular fibrillation occurs, cortical activity ceases within a 
short time. In Case 3 the electroencephalogram became flat eighteen seconds 
after the onset of ventricular fibrillation, even though there had been abundant 
fast activity at the time of onset of fibrillation. Initially, cardiac massage 
(which was started 14 seconds after the onset of fibrillation) was ineffective, 
as was evident from failure of the electroencephalogram to improve during 
the next minute. 

No record has shown improved cortical activity if a palpable pulse was not 
present. If the lungs are adequately oxygenated and cardiac massage pro- 
duces a palpable pulse, the electroencephalogram will improve thereafter. 
The only exception we have noted to this statement occurred in a patient not 
reported here, who suffered massive bilateral pulmonary emboli and in whom, 
under ideal conditions, we were unable to re-establish cortical activity. This 
failure was no doubt due to a total block in the flow of blood through the lungs 
and subsequent interference with tissue oxygenation. 

In Case 3 the electroencephalogram indicated good cortical activity after 


one hour of cardiac massage. The descending aorta had been clamped prior to 
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the onset of cardiae arrest, allowing more blood to be shunted into the cerebral 
and coronary circulation during cardiac massage. This was our only ease in 
which the descending aorta was clamped, and in no other ease were we able to 
maintain cortical activity by cardiae massage alone for this length of time. 

In Case 6 the electroencephalograph was rushed into operation without 
allowing time for it to warm up. The first electroencephalogram tracing was 
taken during reflex ventricular tachyeardia, and it was obtained 360 seconds 
following the onset of ventricular fibrillation. It showed a moderate amount of 
fast activity. When the heart reverted to an idioventricular tachyeardia, cardiac 
massage was stopped, because it was felt that cardiae output could now be main- 
tained, but an increase in slow activity was seen in the electroencephalographic 
tracing. However, in this instance it cannot be stated dogmatically that the 
pattern was worse. The electroencephalographie recorder had had insufficient 
time to ‘‘warm up.’’ Therefore, initially, the frequency response of the 
recorder may not have been flat over the lower range of frequencies, which 
would preclude slower frequencies appearing on the tracing. 

It would be premature to make any conclusion regarding the prognosis in 
cases of cerebral hypoxia that can be made from the electroencephalogram. 
Lundervold”’ reported a case in which no cortical activity was observed four- 
teen days postoperatively, but slow waves appeared at two months, and after 
two years and three months of vegetation a seizure pattern was present. The 
critical question is how long can no activity be present and yet complete re- 
covery be expected. It may be said from Cases 1, 2, 4, and 5 that the more fast 
activity of the alpha and beta type that is seen following a hypoxie episode, the 
better the prognosis. However, it is likely that the longer there is slow activity 
or no activity due to hypoxia, the poorer the prognosis. Grénquist”! described 
a pattern consisting of a straight line with minute spikes, which has a grave 
prognosis. We have also observed this pattern in two patients not reported here, 
both of whom died. 

In our experience slowing of the cortical frequency has been the most promi- 
nent change occurring in the electroencephalogram with sudden cessation of 
cardiac output. However, Aymes,?? who described electroencephalographic 
recordings during an Adams-Stokes syndrome, observed the amplitude to 
diminish slowly with almost imperceptible slowing. Aymes felt, therefore, that 
when anoxia was abrupt in onset, flattening may occur without slowing of the 
electroencephalographie pattern. 

The analgesic stage of anesthesia has been proved to be the least upsetting 
to normal body physiology. Reflex activity is minimal, ventilation is full, and 
thus oxygenation and carbon dioxide removal are excellent. 

It has been reported in the literature that light anesthesia kills patients be- 
cause of heightened reflex activity. Light anesthesia does not kill. Exaggerated 
reflex activity does not occur. The vast majority of cardiac arrests do not occur 
in light anesthesia but in deep anesthesia with the concomitant hypoxia, hyper- 
capnia, and myocardial depression from a direct drug effect. 
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SUMMARY 






1. The eleectroencephalogram can be used to assay the adequacy of cerebral 






circulation during anesthesia and surgery. 
2. The electrocardiogram is an inadequate tool for determining the ade- 







quacy of cardiac output. 

3. Following cardiac arrest and establishment of adequate cardiae massage 
the more fast electroencephalographie activity that is seen the better the 
prognosis. 

4. The electroencephalogram is an excellent means of determining adequacy 








of eardiae massage. 
5. Clamping of the descending aorta helps maintain adequate cerebral cireu- 







lation during cardiac massage. 
6. An understanding of electroencephalographie recording technique is 
essential for interpretation of the records. 
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DISCUSSION 
DR. GEORGE H. A. CLOWES, JR. (Cleveland, Ohio).—I should like to congratulate 
. Artusio and his associates on their excellent presentation of interesting observations 
on the depression of the brain waves during periods of abnormal circulation. 

It is now well known that various types of anesthetic agents depress the brain-wave 
potential, producing reproducible patterns at various depths of anesthesia. Some time ago 
our group presented data showing that during general anesthesia this potential may be 
depressed, even to complete absence, by the presence of abnormally large partial pressures 
of carbon dioxide in the arterial blood. Hypoxia affects the brain-wave pattern in a some- 
what different fashion. Instead of producing progressive depression with increasing in- 
tensity, little effect is noticed until the arterial blood becomes less than 25 per cent 
saturated. Then the depression occurs rapidly. Severe hypotension likewise may produce 
depression, probably dependent upon oxygen lack and metabolite accumulation within the 
tissue of the brain itself. 

One important point should be made. If the brain waves remain absent for a period 
of fifteen minutes or longer, a large proportion of the animals will not survive. They die 
in a state resembling in many respects normovolemic shock. 

In the electroencephalogram the surgeon and anesthetist have a very useful tool for 
evaluating the state of the brain in their patient during anesthesia. It is not complicated; 
one simply has to learn to recognize the patterns. 

I should like to emphasize again the importance of the work presented today and 
urge wider application of the electroencephalogram in the operating room, 
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“gic in childhood represents about 8 per cent of all deaths under 14 
years of age, according to the Children’s Bureau.* If one includes leu- 
kemias and lymphomas in this category, about one-half of childhood cancers 
are found in the eye, central nervous system, and the hematopoietic system, 
where we must consider our present means of therapy generally unable to 
effect a cure. <A review of representative series of childhood tumors seems to 
indicate that of the remaining malignant tumors, approximately 40 per cent 
are retroperitoneal lesions of the flank area. Of these, usually more than one- 
half (or about 15 per cent of all childhood cancer) are neuroblastomas. The 
neuroblastomas represent, then, a significant proportion of pediatric tumors 
against which present modes of therapy seem to be at least partially effective. 

Our interest in the neuroblastoma problem arose from two circumstances. 
This tumor is the most common one we have been called upon to treat at the 
Children’s Hospital of Philadelphia since 1947, and children seemed to survive 
in spite of management in which the usual principles of cancer surgery could 
not be carried out. These tumors were frequently incompletely removed, 
oftentimes with gross seeding of the peritoneal cavity with tumor cells. Yet 
some of these patients, even with gross metastases, went on to recovery. This 
is not an original observation, since Cushing and Wolbach® reported it in 
1927. Ewing® in 1940 also called attention to the apparently unique behavior 
of neuroblastomas after inadequate surgery. It seemed worth while to record 
several observations and conclusions that can be drawn from a review of our 
experience with neuroblastomas; these form the basis of this report. 


HISTORICAL REVIEW 


Virchow22 first described neuroblastomas in 1864. Pepper!4 reported six cases of 
‘‘eongenital sarcoma of the suprarenal’’ in 1901, and Hutchinson® reported on suprarenal 
sarcoma with skull metastases six years later. Because Pepper’s patients all had liver 
metastases and Hutchinson’s spread to the skull and other bones, two types of neuro- 
blastoma came to be accepted, the Pepper type and the Hutchinson type. Such a distine- 
tion has since been proved fallacious by several authors.2, 7, 10 

After a number of references in the literature to the unique properties of neuro- 
blastomes and the tendency toward spontaneous change to a benign state, Farber? in 1940 
ones Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
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called attention to several of the characteristics of this tumor. He stated that neuro- 
blastomas may spontaneously necrose and disappear after only a biopsy, that they mature 
into benign ganglioneuromas, and that there may be successful treatment of neuroblastoma 
by irradiation even after local metastasis. He reported the survival of ten of forty pa- 
tients three to eight years after histologic diagnosis of neuroblastoma. Wittenborg?3 
made a résumé of seventy-three cases (which included Farber’s forty) and reported twenty- 
two children alive three or more years, emphasizing the importance of irradiation in 
therapy. Two of these patients apparently had been cured spontaneously, inasmuch as 
no adequate therapy had been undertaken. 

Phillips,15 speaking before the Royal College of Surgeons in England in 1952, re- 
viewed the status of neuroblastomas, citing 623 cases in the literature, as well as the ex- 
perience of the Memorial Hospital group in New York with fifty-eight cases of which ten 
patients survived for three years or more. He made one significant comment that bears 
on the subject of change of the neuroblastoma to a benign state when he reported: ‘‘The 
natural history of neuroblastoma shows a tendency to spontaneous remission; if a fatal 
termination can be prevented during the acutely malignant phase, both by sustaining the 
patient and by full utilization of all available therapeutic agents, the disease may assume 
a less aggressive and more chronic form and ultimately be brought under control.’’ 


PATHOLOGY 


The cases making up our material have all been studied pathologically—as 
carefully and extensively as the pathologic specimens would permit. Within 
the group are examples of neoplasms of sympathetic ganglia of all degrees of 
differentiation, only fully differentiated ganglioneuromas having been ex- 
cluded. Relatively few of the tumors failed to show at least some evidence of 
differentiation. Some of the lesions showing partial differentiation had a 
fairly uniform appearance, while in others the degree of differentiation varied 
markedly from one area to another, even approximating the appearance of 
mature ganglioneuroma in places. In general it can be said that the child 
whose neuroblastoma is at least partially differentiated has a better chance to 
survive than has the child with a completely undifferentiated tumor, but the 
clinicopathologic correlation is by no means completely consistent. The 
pathologie features of the neuroblastomas of this series will be the subject of 


a separate study. 


DATA 


Excellent. review articles on neuroblastoma have appeared in the literature in recent 
years.11, 13, 15 

In 1951, Snyder19 listed the known number of survivors of this disease as reported 
to that date. These numbered thirty-seven (allowing for the duplication of reporting by 
Farber and Wittenborg). Since then there have been twenty-seven additional cases 
reported, not including our own series. These survivals are recorded in Table I. 

A summary of our own case material is shown in Table II, indicating that of the 
44 patients, 17 are alive, but only 12 (27 per cent) are alive for fourteen months or longer; 
a detailed analysis of these 12 is given in Table III. Five (12 per cent) have survived for 
periods of two to twelve months after operation. We have observed that a patient who 
survives fourteen months can usually be considered to have survived a period comparable 
to the five-year period commonly used to denote a ‘‘cure’’ in the management of adult 
cancer. Only 1 patient in this series failed to survive ultimately, having survived the 
fourteen-month period. This was a boy who survived many years as a paraplegic after 
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TABLE I. SUMMARY OF SURVIVORS OF NEUROBLASTOMA TAKEN FROM THE LITERATURE 


1951-1954 














SURGICAL 
TREAT- | IRRADIA- SURVIVAL 
SOURCE CASES AGE MENT TION METASTASES TIME 
Goldring’ 1 6 mo. Yes Yes Skull, orbit, liver, 24 mo, 
kidney 
van Creveld?1 ] 18 mo. Biopsy No None 4 yr. 
Stewart2e 3 4-12 mo. Biopsy Yes Yes, skin and 7 mo. 
skeletal 14 yr. 
Pack13 ] 20 days Yes Yes None 4 yr. 
Keegan!2 ] 2% mo. Yes Yes Liver 23 mo. 
Silverstone!s 1 
Rix17 1 17 yr. Yes Yes None 7 yr. 
Poore1é 6 ae Yes Yes Yes 2-4% yr. 
(from lit.) 
Poore16 1 10 mo. Yes Yes Local nodes 9 yr. 
Beck! 1 3 wk. Biopsy Yes None 6 yr. 
Phillips15 10 a Yes Yes 5 none 3-13 yr. 
5 nodes, subcut. 
and medias- 
tinum 
was never 


the biopsy of a spinal cord neuroblastoma, and whose large abdominal tumor 
explored. Twenty-seven (61 per cent) of our patients are dead of their disease. 


Table 1V 


compares this mortality and survival with other large series previously reported. 


TABLE II. 


MORTALITY IN 








Alive (more than 14 months) 12 
Alive (less than 14 months) 5 
Dead 27 





Thirty-five patients in this group had 


NEUROBLASTOMA, 44 CASES 


a primary tumor located retroperitoneally in 


the abdomen, 4 in the neck, 3 in the retropleural space, and 2 within the spinal canal. 


Table V lists the surviving cases in relation to the site of metastases at the time of 
surgery. Two significant deductions can be made from these data. All patients without 


evidence of gross metastasis at the time of operation have survived, while no patient is 


alive who had chest or skeletal metastases at the time of operation. 


TABLE ITI. 


ANALYSIS OF SURVIVORS FOR FOURTEEN MONTHS OR LONGER 














REMOVAL | 
INCOM- | X-RAY 
PATIENT DIAGNOSIS SITE PLETE METASTASES | Rx SURVIVAL 
BU Neuroblastoma Abdomen X Liver ~ No 11 yr. 
LW Neuroblastoma Abdomen ? No Yes 7 yr., 11 mo. 
LM Neuroblastoma Abdomen Xx Liver No 6 yr., 8 mo. 
MG Neuroblastoma Abdomen on No Yes 6 yr. 
SW = Neuroblastoma Abdomen X Liver, bone No 5 yr. 
marrow 
CM Neuroblastoma Chest, neck xX Nodes No 2 yr., 3 mo. 
DB Neuroblastoma Neck X No Yes 1 yr., 2 mo. 
HL Malignant gan- Chest X No No 4 yr., 3 mo. 
glioneuroma 
CW Malignant gan- Chest X No Yes 4 yr., 1 mo. 
glioneuroma 
JM Malignant gan- Abdomen X No No 4 yr., 1 mo. 
glioneuroma 
JS Malignant gan- Abdomen, _ No No 4 yr. 
glioneuroma pelvis 
VA Malignant gan- Abdomen x Nodes No 2 yr., 11 mo. 


glioneuroma 
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TABLE IV. SURVIVAL IN REPORTED SERIES OF NEUROBLASTOMA 











SOURCE | CASES | SURVIVALS 
Wittenborg 73 22 (30%) 
Snyder 24 3 (13%) 
Phillips 58 10 (17%) 
Koop, Kiesewetter, and Horn 39 12 (31%) 





Bone marrow aspirations were studied in 28 patients. Twenty-five per cent of these 
showed neuroblastoma cells, and of these only 1 patient survived. 


TABLE V. PREDOMINANT METASTATIC SITE, 44 CASES OF NEUROBLASTOMA 

















SURVIVORS SURVIVORS 
(14 MONTHS OR (LESS THAN 14 
MORE ) MONTHS ) FATALITIES TOTAL 
None 6 3 0 9 
Regional nodes 2 ~ 8 10 
Liver 4 2 3 9 
Chest - - 1 1 
Skeletal (including skull - ~ 15 15 
and orbit) 





The age of the patient at the time of diagnosis apparently bears some relationship 
to survival. The average in those patients who have survived was 4.75 months, while the 
average age of the fatal cases was 34 months. 

In reviewing the actual surgery in the survival cases as compared with the fatal 
ones, it is evident that the surviving tumors were attacked more radically than the fatal 
eases. Considering a maximal surgical insult to be extirpation of the tumor, or as nearly 
complete removal of the tumor as could be carried out, 83 per cent of the surviving pa- 
tients received such a surgical insult to the tumor, while only 26 per cent of fatal cases 
received similar therapy. 


DISCUSSION 


In plotting the natural history of the neuroblastoma, or in assessing the 
effectiveness of therapy, the peculiarities of pediatric tumors must be recog- 
nized. The life history of most childhood tumors is foreshortened so that the 
period of symptomatology before diagnosis is usually short, and the life ex- 
pectaney in fatal cases after diagnosis is also short. Patients with neuro- 
blastoma who die, usually do so rather soon after diagnosis, so that we feel 
it is safe to consider fourteen months approximately equal to the conventional 
five-year period of ‘‘cure’’ used in evaluating therapy of most adult malignant 
neoplasms. 

The age at which the tumor manifests itself clinically would seem to be 
associated with survival. In the patients surviving more than fourteen 
months, the average age at the time of awareness of the tumor was 4.75 
months, while in those patients who have died there was an average age of 
34 months at the time of recognition of the tumor. 

Blacklock,? writing of experiences in Glasgow, quoted Landau as saying 
that the degree of malignancy in neuroblastomas decreases with the differenti- 
ation of the tumor and the increasing age of the host. Although our studies 
would seem to substantiate the relationship between survival and differentia- 
tion of the tumor, our older patients would seem to have the poorer prognoses. 

There are two observations that we can make from our data that do not 
seem to be evident in previous writings on this subject, and which we consider 
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to be of significance: the relationship of survival to the extent of surgical 
insult administered to the tumor, and the survival of patients without radia- 
tion. In the management of neuroblastoma, it is really not clear what we 
should aim to do if the tumor mass is not removable in toto. It has been 
stated that regression of these tumors occurs ‘‘spontaneously’’ after biopsy 
only. This has been observed by us also, and we have no explanation for it. 
The term ‘‘maturation’’ is commonly used when speaking of the apparent 
change from malignancy to benignancy in these tumors, yet we really have no 
evidence that the malignant cell indeed matures to a better differentiated 
form with consequent loss of malignant properties. TF inally, radiation has 
been given much therapeutic credit in the management of neuroblastomas. 

It had been our custom in the child with a huge retroperitoneal tumor 
and gross metastases to biopsy the primary tumor and a metastatic site and do 
nothing further of a surgical nature. This method of management is carried 
out under similar circumstances by many with whom we have spoken. Pa- 
tients so treated in our hands have survived only rarely, 2 of 22 patients, a 
mortality of 91 per cent. 

On the other hand, when we have approached a tumor of large size, even 
in the presence of metastases, with the intent of removing it in toto or re- 
moving as much of it as possible, we have had a survival of 10 of 17 patients 
so treated, or 59 per cent. 

If a given tumor ean be extirpated completely there is no argument that 
such management is the best possible. If the tumor is fixed to adjacent strue- 
tures, such as kidney, spleen, adrenal glands, removal of the tumor and at- 
tached solid viseus en bloc is indicated without question. In certain patients, 
however, the tumor mass may surround or invade vital areas such as both 
renal hilar areas, the celiac axis, or the porta of the liver. In these instances, 
we have carried out partial extirpation of the tumor, in spite of the presence 
of metastases. Such partial extirpation may consist of opening into the tumor 
and scooping out the central portion, or separation by blunt dissection of the 
tumor from adjacent struetures to which it is fixed. Then, when fixation gives 
way to infiltration, we cut across the tumor at that point. Occasionally, in a 
necrotic tumor, vigorous suction can remove the bulk of the mass. Bleeding 
following these procedures has, at times, been brisk, but never uncontrollable. 
Ligation of blood vessels not supporting the life of an adjacent viscus has also 
been carried out on oeeasion. 

Paradoxieally, when a neuroblastoma is attached to the stomach, colon, 
or duodenum, we have not resected these structures en bloe with eventual 
restoration of bowel continuity. Our feeling in this regard is that the survival 
in the cases of partial extirpation is so high, in spite of tumor being left be- 
hind, that it does not seem justified to remove large segments of adjacent 
hollow viscera in an effort to remove gross invasion when microscopic in- 
vasion is already probable. This is a matter of judgment, however, and would 
depend upon the extent of involvement of adjacent structures, the condition 
of the patient, and the hope for success. 
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Because of the extent of the tumor remaining in our patients after partial 
extirpation of the mass, and because of the gross spill of the tumor during 
partial extirpation, we did not feel that x-ray therapy in our earlier cases 
could be of material benefit to the patient. Therefore, of our series of 12 
patients who have survived more than fourteen months, 10 had either no radia- 
tion or treatment with inadequate dosage. Eight of these 10 had no radiation 
and 2 did receive some therapy. 

Therefore, on the basis of these data, we are forced to the conelusion that 
x-ray therapy is not as important to survival of the patient with neuro- 
blastoma as has hitherto been supposed. In our more recent cases, we have 
used x-ray therapy in some, feeling that if our observations concerning the 
effectiveness of the surgical insult to the tumor are valid, such radiation 
therapy should be employed as a further insult. 

The presence of metastases, considered to be closely associated with prog- 
nosis and survival in other types of malignant tumor, does not appear to have 
a similar relationship to recovery in neuroblastomas. While all the patients 
who succumbed to their tumors had metastases, and while all the patients 
who had no metastasis survived, 50 per cent of the surviving patients did have 
evidence of metastases. The distribution of these metastases does seem to be 
significant in reference to prognosis. Liver metastases, for example, are not 
as frightening as tumor experience in general forces us to believe. In this 
series, 4 patients with liver metastases survived more than the fourteen-month 
period, while 3 patients with similar metastases died. Four times as many pa- 
tients died (8 patients) with lymph node metastases as survived (2 patients). 
Patients with roentgenographie evidence of chest or skeletal metastases, in- 
cluding skull and orbit, uniformly died. 

Recently, Martin Bodian*® of London has made a study of neuroblastomas 
in the British Isles. It is interesting to note that most of his observations in 
reference to the natural life history of the tumor coincide with our own. He 
has made the important observation that patients with retrobulbar and bone 
metastases do have regression of these with the administration of large doses 
of vitamin B,.. The explanation for this regression is not known. Studies 
are in progress in his laboratory, in our own clinic, and elsewhere to get an 
understanding of the effect of vitamin B,. on such metastases. None of 
Bodian’s patients have lived long enough to be ealled ‘‘eured’’ by the stand- 
ard set forth here, but his early observations indicate some promise in this 
uniformly fatal pattern of neuroblastoma metastases. 


CONCLUSIONS 


A series of 44 patients with neuroblastomas has been reported with two 
conclusions not hitherto drawn from similar presentations : 


1. The survival of 12 of 39 patients for more than fourteen months fol- 
lowing complete or partial removal of the tumor, even in the presence of 
metastases, seems to be unrelated to radiation therapy. 
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2. The removal of all or a major portion of a neuroblastoma, even in the 
presence of metastases, seems to carry a better survival rate (59 per cent) 
than is found when biopsy alone is performed on an “‘inoperable’’ tumor 
(9 per cent). 
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GRADIENT IN SUSCEPTIBILITY OF THE BRONCHOPULMONARY 
TRACT TO TUMORS* 


WALTER J. BuRDETTE, PH.D., M.D., New ORLEANS, LA. 


(From the Department of Surgery, Louisiana State University School of Medicine) 


PECULATION on the cause and control of cancer of the lung and its in- 
creasing incidence has attracted more than usual attention to this type of 
neoplasm in recent years. As a continuation of studies in our laboratory on 
the etiology of pulmonary tumors, the behavior of isolated segments of the 
bronchopulmonary tract has been tested by transplanting tissue fragments 
from newborn mice into adults treated with urethane, which is known to in- 


crease the incidence of tumors of the lung. 


METHODSt 


Lungs and trachea were extirpated from newborn A strain mice and placed on a 
damp sponge. Under the dissecting microscope bronchi were carefully separated from 
adjacent lung, cut into small fragments, and a number of these were transplanted sub- 
cutaneously into the pinna of the right ear. Tiny slivers of pulmonary parenchyma were 
then trimmed from the sharp, peripheral edge of the lobes most distal to the hilum. These 
were transplanted, by means of a trocar, into the left ear. 

In the first group of 51 animals, erystals of 20-methylcholanthrene were implanted 
with each graft of both types. The second group, consisting of 79 mice (28 females and 
51 males), was treated with urethane and the tissue alone was transplanted. Transplanta- 
tion was done when the host A mice were 8 weeks old. Two weeks later intraperitoneal 
injections of urethane were started and continued at intervals of seven days for fourteen 
weeks. The weekly dose was 1 ml. of recrystallized urethane in 10 per cent aqueous solu- 
tion per 100 grams of body weight. 

Ears of the mice were carefully examined each week and measurements made when- 
ever transplants became visible. With the exception of a few mice killed at monthly 
intervals after injection, they were allowed to live up to a maximum of one and one-half 
years, The average age at death of those dying before that interval had elapsed was 487 
days. Sections were made of the ears and also of the lungs in one group of the host mice. 


RESULTS 


In the first group a number of highly malignant fibrosarecomas appeared. 
It was not possible to tell whether these arose from host or transplant, and, 
since the results did not otherwise alter conelusions drawn from the experi- 
ments with urethane, only the findings obtained with the latter will be pre- 
sented. 


‘eae Read at the meeting of the Society of University Surgeons, Houston, Texas, Feb. 10-12, 
*Aided by a grant from the National Cancer Institute, Department of Health, Education, 
and Welfare. 
+The technical assistance of Mrs. D. E. Mitchell, Mrs. A. S. Hyde, Mr. Russell Nelson, 
Mrs. H. K. Suzuki, and Mrs. E. Rosenbohm is gratefully acknowledged. Dr. Henry McGill 
made the microphotographs. 
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Transplants showed some evidence of viability in 76 of 79 hosts in the 
urethane series. Eventually 66 of the bronchial transplants and 53 of the 
pulmonary transplants reached a size of 1.0 mm. in diameter or greater. The 
average diameter of the former was 3.0 mm. and of the latter was 2.5 mm. 
The average time required for gross detection of bronchial grafts was 97.9 
days, whereas an average of 109.5 days elapsed before pulmonary tissue was 
visible. No difference in results was noted between grafts in male and female 
mice. 

Detailed microscopic studies were carried out on the ears of 39 of the 
mice. The right ear contained cysts, 12 of which were multiloculated, in 3 
mice. The remaining 8 showed no evidence of transplanted tissue. All the 
cysts had an appearance similar to that illustrated in Fig. 1. They promptly 
reformed when punctured, and thin, clear material could usually be obtained 
from them. Microscopie sections showed rounded cysts distending the ear and 
projecting beyond the surface. Cartilage derived from the bronchi was easily 
distinguished from that in the ear. Some of the cysts were lined with flattened 
epithelium devoid of cilia (Fig. 1, HF and F’), but others had ciliated columnar 
and cuboidal epithelium (Fig. 1, B and C) surrounding the lumen. No evi- 
dence of any malignant transformation was found in the cysts, which were 
similar in appearance to bronchial cysts encountered clinically except for their 
smaller size. 

Tissue transplanted into the left ear had an entirely different appearance. 
Twenty-one of the 39 mice had viable lung growing at the site of implantation 
(Fig. 2). One-half of these appeared much like hemangiomas. Sections re- 
vealed that numerous dilated sinuses (Fig. 2, C) filled with erythrocytes in 
the interalveolar septa were responsible for this gross appearance. The micro- 
scopic picture varied from that of atelectatic lung to that in which the picture 
was dominated by blood vessels. Large cells with phagocytized brown pig- 
ment (‘‘heart-failure cells’’) were seen in a number of the alveoli, and oc- 
‘asionally small calcified areas were found in the grafts. In 6 of the ears, 
tumors were distinguishable, replacing part or all of the pulmonary tissue 
(Fig. 3). These were very similar to those found in the lungs of 30 of 65 mice 
which were autopsied (Fig. 4). They were composed of polygonal cells ar- 
ranged in a glandular pattern in which mitotie figures were very searee. Only 
a suggestion of the papillary arrangement sometimes seen in pulmonary tu- 
mors was evident in the aural tumors. No evidence for the association of 
these tumors with foci of inflammation was found. 


DISCUSSION 


In 1896 a spontaneous pulmonary tumor was found by Livingood"™ in a 
white mouse dying of experimental bacterial infection. Later Tyzzer?? was 
the first to study them very extensively. He labeled them ‘‘papillary eyst- 
adenomas’’ and found them to be the most common tumors in his stocks of 
laboratory mice. Murphy and Sturm? were able to induce pulmonary tumors 
in as many as 78.3 per cent of their mice by painting tar on twelve different 
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areas of skin in rotation, and Campbell* found more tumors of the lung when 
mice were exposed to dust from tarred roads. Carcinogenie hydrocarbons 
have also been shown to increase the incidence and multiplicity of these tumors 
when administered by a number of different routes by Andervont' and others. 
Urethane was found to be effective in inducing tumors of the lung by Nettle- 
ship and Henshaw," and they have been noted’ *' in mice as young as 3 days 
of age when mothers were treated with urethane during gestation. The nitro- 
gen and sulfur mustards also increase the incidence of these tumors.” °* At 
present, possible carcinogenic action of tobacco smoke on the lung in mice is 
in dispute. 
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Fig. 4.—Pulmonary tumors in the lung oo Note similarity between them and those 
in Fig. 3. 

Horning’® reported the induction of pulmonary tumors in grafts of lung 
from adult A strain mice with 20-methylecholanthrene, 2-acetylaminofluorine, 
and 2-aminofiuorine, and Smith?® obtained tumors in grafts of fetal lung im- 
planted with olive oil, scharlach R, and methylecholanthrene. The anterior 
chamber of the eye in guinea pigs was found to be a suitable place to culture 
fetal lung by Waddell,?* who used this technique in studying differentiation. 

Hereditary factors are responsible for susceptibility of inbred strains ot 
mice both to spontaneous and induced tumors.’ Apparently, multiple genes 
are involved and the chromosomes with which certain of them are associated 
are known, although the same genes are not necessarily involved in suscepti- 
bility to all types of inducing agents.* Susceptibility or resistance is intrinsic 
in the lung itself and is unchanged when lung is grafted into hybrid mice 
from a cross between susceptible and resistant strains, as Shapiro and Kirsch- 
baum'S and Heston and Dunn’ have demonstrated. 
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There has been considerable controversy over whether these tumors arise 
from alveolar or bronchial elements. Grady and Stewart,’ Mostofi and Lar- 
sen,'* and others advocate an origin from alveolar cells, whereas other in- 
vestigators'’ assign the site of origin to the bronchioles. Slye, Holmes, and 
Wells,’ MeDonald and Woodhouse,'* and others suggest that they may arise 
from either or both. In general, the evidence for their origin in alveolar epi- 
thelium consists of the presence of peripheral tumors independent of bron- 
chioles in serial sections taken at short intervals of time after administering 
the inducing agent. A more extensive review of this question may be found 
in the reports of the investigators already mentioned.* 1% 1 17 19 

The results obtained in our studies indicate a pronounced difference in 
behavior of the proximal and distal bronchopulmonary tract. Tumors origi- 
nated in the distal portion only. The small number of tumors found is prob- 
ably related to the restricted amount of tissue included in each graft. An 
attempt to remove only alveolar tissue for the grafts in the left ear was made, 
and no bronchioles were seen adjacent to the tumor in some of the transplants. 
The manner in which the tissue was removed from the edge of the lung there- 
fore would favor transplantation of alveolar tissue only and derivation of the 
tumors from it. However, cells with light pink cytoplasm resembling those 
lining the bronchioles were seen in other sections, and confusion of an early 
neoplastic change with true bronchiolar epithelium, although unlikely, could 
not be entirely eliminated. 

Transplanting fragments of bronchi provides a very successful way to 
produce benign, bronchial cysts experimentally. No morphologic changes in 
them resulted from administration of ethyl carbamate, and the structure of 
the bronchial wall was preserved, although the epithelium varied from a co- 
lumnar ciliated type to flattened sheets of cells devoid of cilia. The assumption 
that bronchial cysts may arise from isolated bronchial tissue or tissue with 
that potentiality is therefore confirmed. It is interesting that the tissue need 
not be in an embryonal stage to behave in this manner. Although the differ- 
ential susceptibility of proximal and distal bronchopulmonary tissues to tu- 
mors in mice seems to be the reverse of that in man, continued utilization of 
selected strains of this experimental animal offers a valuable means of study- 
ing pulmonary disease. Furthermore, the method for producing eysts offers 
a suitable means for testing the effect of extrinsic agents on isolated bronchial 
epithelium. 

SUMMARY 


1. A gradient in susceptibility to tumors was demonstrated between prox- 
imal and distal bronchopulmonary tract transplanted into the pinna of the 
ear of mice treated with urethane. 

2. Tumors having an adenomatous appearance were found in grafts of 
lung obtained from the peripheral sharp edge of the lobes. 

3. Typical, bronchial cysts persisted as viable grafts when fragments of 
bronchi from newborn mice were transplanted. No evidence of neoplastic 
change in these grafts was found. 
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MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
FEB. 10-12, 1955, HOUSTON, TEXAS 
BEN EIseMAN, M.D., DENVER, CoLo. 


HE sixteenth annual meeting of the Society of University Surgeons was held in Hous- 

ton, Texas, on Feb. 10, 11, and 12, 1955, where the Society was the guest of the Baylor 
University College of Medicine. Preceding the official meeting and each morning prior 
to the presentation of papers, Drs. DeBakey, Cooley, Creech, and their staffs informally 
welcomed members at the Methodist Hospital to observe a number of cardiovascular 
operations. 

On Thursday morning, February 10, members and guests assembled at the Baylor 
University College of Medicine auditorium, where welcoming remarks were extended by 
Dr. Michael E. DeBakey, Professor and Chairman of the Department of Surgery, who was 
the official host. Dr. Fred C. Elliott, Executive Director of the Texas Medical Center, 
then described the various hospitals comprising the new Medical Center. Dr. R. Lee 
Clark, Jr., Director of the newly completed M. D. Anderson Cancer Hospital and Tumor 
Institute, described that institution. With Dr. DeBakey presiding, the following scientific 
program was presented by the staff of the Bay!or University College of Medicine: 


1. Clinical Observations on the Growth of Human Tumors—Dr. Vincent P. 
Collins 
2. Effect of Hypothermia on Hemorrhagic Shock—Dr. Robert C. Overton, Jr. 
3. Effect of Hypothermia on Experimental Bacteremia—Dr. E. Stanley Craw- 
ford, Dr. Cecil M, Couves, and Dr. Ellard M. Yow 
4. Hemodynamic Studies with Chlorpromazine—Dr. George C. Morris 
5. Experimental Observations on Skin Homografting—Dr. Arthur Kirshbaum 
and Annabel Liebelt 
6. The Effect of Hypercholesterolemia on Canine Aortic Transplants—Dr. Oscar 
Creech, Jr., Dr. George L. Jordan, Jr., and Dr. Robert C. Overton, Jr. 
. Arteriosclerotic Occlusive Disease 
(i) Patho'ogic Changes in Occlusive Disease of the Abdominal Aorta— 
Dr. Béla Halpert and Dr. Ethel Erickson 
(ii) Segmental Occlusion of the Femoral Arteries—Dr, E. Stanley Craw- 
ford 


The Society adjourned for lunch, which was held in the nearby Doctors Club, Jesse 
H. Jones Library Building. Dr. John M. Howard presided at the afternoon scientific 
session presented in the school auditorium. The program was as follows: 


“I 


1. Effect of Specific Antibiotic Therapy on Pulmonary Abscess—Dr. Emitt H. 
Shoemaker, Dr. William C. Byrd, and Dr. Ellard M. Yow 

. A Method of Evaluating Pulmonary Resistance—Dr. Hollis G. Boren 

. Cerebral Angiography in Acute Head Injuries—Dr, Charles A. Carton 

. Whip-lash Injuries of the Cervical Spine—Dr. Bedford F. Boylston 

- Motility in the Gastric Remnant Following Subtotal Gastrectomy—Dr. George 
L. Jordan, Jr., Dr. Willie A. Williamson, and Dr, Harry L. Barton 

6. Gastric Resection in Perforated Peptic Uleer—Dr. Robert C. Pontius 
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. Systemic Response to Trauma: 






Haynes and Dr, Stanley M. Levenson 






Howard and Dr. Van Kaden 
10. The Closure of Ventricular Septal 
Denton A. Cooley 





Defects: 







Geddes, and Dr. William A. Spencer 






published in their entirety in this issue of SURGERY. 





11. Modern Instrumentation in Physiology—Dr. Hebbel E. 


REVIEW OF RECENT MEETINGS 


H. Peddie, Dr. Charles L. Spurr, and Dr. John M. Howard 
8. Effect of Growth Hormone on Nitrogen Balance in Severe Burns—Dr. B. W. 


A Simplified 


July, 1955 


Studies of Calcium Metabolism—Dr. George 


9, Observations on the Natural History of Acute Pancreatitis—Dr. John M. 


Technie—Dr. 


Hoff, Dr. L, A. 


The scientific programs presented on the second and third days of the meeting aré 








